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20.  ABSTRACT  (Continued) 

\ 

' The  primary  task  during  this  period  was  material  evaluations  for  the 
Mighty  Epic  event  (both  preshot  and  postshot).  Tuff,  grout,  sand,  concrete, 
concrete-steel  interfaces  and  steel  were  tested..  Other  material  evaluations 
and  analyses  during  this  period  were  for  1)  the  '**'two-in-one  concept"  --  a 
proposed  plan  to  use  a common  tunnel  and  equipment  for  two  nuclear  events, 

2)  determining  the  influence  of  fracturing  on  ultrasonic  velocities  to  help 
explain  field  seismic  and  sonic  velocity  results,  3)  obtaining  the  angles-of- 
internal -friction  in  the  tuff  as  a function  of  confining  pressure  for  use  in 
material  modeling,  4)  determining  and  evaluating  methods  for  extracting  pore 
water  for  subsequent  chemical  analysis,  5)  measuring  the  effect  of  hydrostatic 
pressure  (i.e.  grain  size  distributions,  cohesion,  etc.)  on  sand-water  mix- 
tures, 6)  evaluating  currently  used  and  proposed  methods  for  obtaining  the 
elastic  moduli  needed  to  determine  in  situ  stress  from  tuff  overcore  samples, 
and  7)  evaluating  the  possibility  of  resaturating  dry  tuff  core  samples  for 
obtaining  material  properties  representative  of  the  original  saturated  mate- 
rial and  for  evaluating  the  likelihood  of  water  invasion  into  core  samples 
during  the  field  coring  process. 
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INTRODUCTION 


The  Defense  Nuclear  Aqency  (DNA)  nuclear  test  program  at  the  Nevada  Test 
Site  requires,  among  many  things,  the  mechanical  and  physical  properties  of 
ti.e  construction  material  and  rock  at  the  test  location.  The  material  pro- 
perties are  needed  primarily  for  the  purpose  of  evaluating  the  potential  for 
successful  stemming  and  containment  of  the  nuclear  tests.  They  are  also  used 
in  modeling  material  behavior  in  subsequent  ground  motion  calculations  for 
predicting  and  evaluating  experimental  programs. 

This  report  summarizes  material  evaluations  conducted  by  Terra  Tek  over 
a period  of  16  months  (April  1975  through  July  1976)  for  DNA  Test  Command. 

The  primary  task  during  this  period  was  material  evaluations  fur  the  Mighty 
Epic  event  (both  preshot  and  postshot).  Tuff,  grout,  sand,  concrete,  concrete- 
steel  interfaces  and  steel  were  tested.  Other  material  evaluations  and  analyses 
during  this  period  were  for  1)  the  "two-in-one  concept"  --  a proposed  plan  to 
use  a common  tunnel  and  equipment  for  two  nuclear  events,  2)  determining  the 
influence  of  fracturing  on  ultrasonic  velocities  to  help  explain  field  seismic 
and  sonic  velocity  results,  3)  obtaining  the  angles-of-internal-friction  in 
the  tuff  as  a function  of  confining  pressure  for  use  in  material  modeling, 

4)  determining  and  evaluating  methods  for  extracting  pore  water  for  subsequent 
chemical  analysis,  5)  measuring  the  effect  of  hydrostatic  pressure  (i.e.  grain 
size  distributions,  cohesion,  etc.)  on  sand-water  mixtures,  6)  evaluating 
currently  used  and  proposed  methods  for  obtaining  the  elastic  moduli  needed 
to  determine  in  situ  stress  from  tuff  overcore  samples,  and  7)  evaluating  the 
possibility  of  resaturating  dry  tuff  core  samples  for  obtaining  material  pro- 
perties representative  of  the  original  saturated  material  and  for  evaluating 
the  likelihood  of  water  invasion  into  core  samples  during  the  field  coring 
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process.  Durinq  the  contract  period,  reports  were  distributed  on  each  of  these 
tasks.  All  those  reports  are  reproduced  here  as  originally  distributed.  As 
an  introduction  a synopsis  (in  some  cases,  the  abstract  from  the  report)  of 
the  testing  and  analysis  for  each  task  is  provided  here. 

Mighty  Epic  Event:  The  Mighty  Epic  event  included,  in  addition  to  the 

standard  "Line-of-Site-Pipe" , a number  of  structures  and  an  experiment  to 
evaluate  movement  along  a material  discontinuity  (this  discontinuity  has  been 
referred  in  the  past  as  the  "interface").  The  discontinuity  was  a change 
from  tuff  material  to  a much  harder  and  competent  palezoic  material.  The 
structures  experiment  required  extensive  tuff  characterization,  both  for 
design  of  the  experiments  and  to  facilitate  development  of  a grout  which 
closely  matched  selected  tuff  properties.  Other  structures  materials  evaluated 
^re  concrete,  concrete/steel  and  steel.  For  the  interface  experiment,  direct 
'r  tests  were  conducted  to  define  the  frictional  properties.  Magnetic 
characterization  of  core  samples  were  also  needed  to  assist  in  analyzing  post- 
shot movement  at  the  interface. 

Reports  describing  the  above  work  are: 

Material  Properties  for  Mighty  Epic  Interface  Experiment,  June  1975, 

TR  75-36 

Some  Comments  on  Mighty  Epic  Material  Properties,  August  1975,  TR 
75-42 

Physical  and  Mechanical  Properties  of  Several  Grout  Mixtures,  August 
1975,  TR  75-45 

Material  Properties  on  Samples  from  Mighty  Epic  Drill  Holes  U12n.l0 
UG#4,  U12n.l0  UG#6a  and  U12n.l0  UG#7,  September  1975,  TR  75-50 

Some  Material  Properties  on  Core  Samples  from  Several  Drill  Holes 
Relating  to  the  Mighty  Epic  Event,  November  1975,  TR  75-64 

Some  Mechanical  Properties  of  Concrete,  Steel  and  Concrete-Steel 
Interfaces  Used  in  Mighty  Epic  Structures,  July  1976,  TR  76-14 
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Characterization  of  Tuff  and  Development  of  Grouts  for  Mighty  Epic 
Structures  Program,  April  1976,  TR  76-21 

Letters  or  data  forwarded  which  were  not  contained  in  the  above 
reports 

The  report  entitled  "Characterization  of  Tuff  and  Development  of  Grouts  for 
Mighty  Epic  Structures  Program"  is  a summary  of  much  of  the  Mighty  Epic  test- 
ing and  contains  the  average  material  properties  of  the  structures  region 
along  with  the  properties  of  the  tuff  matching  grout  --  ME8-11. 

Investigation  of  the  Effect  of  Fracturing  on  the  Ultrasonic  Velocities 
in  Ash-Fall  Tuff:  The  effect  of  fracturing  on  ultrasonic  velocities  in  rock 

have  been  investigated.  The  material  was  an  ash-fall  tuff  taken  from  the 
Nevada  Test  Site,  Area  12.  Fractures  were  generated  in  uniaxial  load  (com- 
pression) tests  and  direct  shear  tests.  The  results,  in  general,  show  the 
same  trend  as  reported  in  other  rock  types:  i.e.,  a decrease  in  both  the 
p-wave  (longitudinal)  and  s-wave  (shear)  velocities  resulting  from  fracture 
initiation,  extention  and  growth.  The  maximum  observed  change  for  the  p-wave 
was  -25  percent,  and  -10  percent  for  the  s-wave. 

Comparison  of  Preshot  and  Postshot  Material  Properties  at  the  Nevada 
Test  Site  for  the  "Two-In-One  Concept":  This  concept  is  one  of  locating  a 

nuclear  event  in  the  same  main  drift  but  several  hundred  feet  in  the  portal 
direction  from  a previous  event.  The  concept  results  in  substantial  cost 
savings  through  reuse  of  a considerable  amount  of  equipment  (gas  seal  doors, 
cable  access  drifts,  etc.) 

Early  evaluation  of  the  concept  required  a close  look  at  the  tuff  pro- 
perties as  a function  of  preshot  versus  postshot  status  and  as  a function  of 
distance  from  the  working  points  (i.e.  the  properties  of  the  preshot  tuff, 
at  say  300  feet,  were  compared  with  the  properties  of  postshot  tuff  at  300 
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feet).  This  comparison  was  necessary  to  evaluate  potential  "second  event" 
locations  and  insure  that  the  material  surrounding  this  "second  event"  were 
effective  for  stemming  and  contaiment. 


Determination  of  the  Angle-Of-Internal-Friction  for  NTS  Tuffs:  Discus- 

sions with  Joe  LaComb,  DNA  Field  Command,  and  inquiries  from  those  doing 
calculations  for  design  for  tunnel  structures  in  the  tuffs  have  led  to  consid- 
eration of  "Anqle-of-Internal-Friction  Models".  Intuitive  reasoning  as  well 
as  data  available  indicate  the  ambiguity  related  to  any  estimate  of  angle-of- 
internal-friction  for  the  intact  tuffs.  This  brief  write-up  is  an  attempt 
to  clarify  the  angle-of-internal-friction  model  for  the  tuffs  and  to  help 
suggest  what  tests  might  be  most  suited  to  provide  an  adequate  model. 

Water  Extraction  from  Nevada  Test  Site  Tuffs:  The  hydrology  of  the 

Rainier  Mesa,  specifically  "T"  tunnel  area  at  the  Nevada  Test  Site,  is  of 
interest  to  the  nuclear  test  program.  Terra  Tek  has  been  actively  developing 
methods  for  extracting  water  from  core  samples  for  subsequent  chemical  and 
mineralogical  analysis.  The  development  of  consistent  water  data  is  dependent 
upon  both  the  method  of  water  extraction  and  sanitary  laboratory  conditions. 
The  extraction  method  is  critical  since  the  bounded  waters  within  the  tuff 
may  be  extracted  at  different  energy  levels. 

Hydrostatic  Response  of  a Water  Saturated  Sand:  Mixtures  of  sand  and 

water  have  a number  of  Nevada  Test  Site  applications,  the  majority  of  which 
directly  relate  to  the  stemming  and  containment  of  nuclear  tests.  Specific 
applications  required  knowing  the  affect  on  the  sand  water  mixture  of  a hydro- 
static pressure  cycle. 

Mixtures  were  subjected  to  a 4 ki lobar  hydrostatic  pressure  cycle  follow- 
ed by  measurements  of  the  sand  grain  size  distribution  and  observations  re- 
garding the  cohesion  of  the  mixture  (i.e.  existence  of  "welding"). 


I 


8 


Staj^e  of  Stress  Effects  on  Laboratory  Determination  of  the  Elasj^ij; 
Modulus  of  Stress-Relief  Overcores:  The  U.S.  Geological  Survey  has  con- 

ducted in  situ  stress  determinations  under  Rainier  Mesa  using  the  U.S.  Bureau 
of  Mines  three-component  borehole  deformation  overcore  technigue.  The  cal- 
culated in  situ  stress  states  are  used  to  better  guantify  and  understand 
containment  phenomena.  Since  laboratory  determined  overcore  elastic  moduli 
are  used  for  in  situ  stress  calculations,  a study  of  state  of  stress  effects 
on  the  overcore  elastic  modulus  was  condt  .ted.  Normal  tuff  overcore  labora- 
tory testing  has  involved  biaxial  loading  (radial  pressurization  with  = 0) 
in  which  radial  pressures  of  only  3.45  MPa  (34.5  bars)  were  obtainable  due  to 
sample  failure  Since  Rainier  Mesa  in  situ  stresses  have  been  calculated  as 
being  as  high  as  6.9  MPa  (69  bars),  testing  tech./.ques  were  evaluated  which 
incorporated  axial  stresses  to  achieve  6.9  MPa  „dial  pressure.  Modulus 
errors  caused  by  sample  nonlinearity  and  a suggested  laboratory  technique 
are  also  discussed. 

Specific  Moisture  Retention  of  Nevada  Tesi  Site  Tuffs : Moisture  was 

reintroduced  into  dry  Nevada  Test  Site  tuff  core  chips  through  placement  in 
a high  humidity  (-95  to  100  percent)  chamber  at  room  temperature  ('23°C)  and 
atmospheric  pressure  (-650  mm).  A minimum  of  29  days  was  reguired  for  the 
dry  samples  to  egual  or  exceed  what  was  considered  their  in  situ  saturation 
levels  (these  in  situ  saturation  levels  were  obtained  from  adjacent  samples). 
Mechanical  tests  conducted  subsequent  to  resaturation  suggest  that  dried- 
resaturated  samples  can  be  used  to  obtain  representative  material  properties 
for  virgin  saturated  tuff. 

Tuff  samples,  immediately  sealed  at  the  Nevada  Test  Site  on  removal  from 
a core  barrel,  were  subjected  to  the  same  environment  to  assist  in  analyzing 
the  invasion  of  the  drilling  water.  Test  results  to  date  are  inconclusive. 
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Each  report  has  been  reproduced  as  originally  distributed.  Page  numbers 


have  been  changed  for  continuity  in  this  final  report. 
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SUMMARY 


Some  physical  and  mechanical  properties  have  been  determined  for 
material  in  the  horizontal  plane  (along  the  LOS  tunnel)  and  above  and  belov/ 
the  working  point  for  the  Mighty  Epic  Event  in  Area  12  at  the  Nevada  Test 
Site.  These  tests  were  primarily  used  for  site  stemming  and  containment 
evaluation,  and  most  of  these  data  were  included  in  a previous  Terra  Tek 
Report,  TR  75-7  (January  1975). 

At  the  meeting  at  the  Nevada  Test  Site  16  June  1975,  further  material 
property  tests  were  outlined  to  define  better  the  "interface",  and  to  deter- 
mine the  shear  strength  and  the  elastic  constants  (mainly  velocities)  for 
the  material  below  the  working  point,  down  through  the  "interface"  and  on 
below.  Once  these  data  have  been  obtained,  a better  friction  model  for  the 
interface  and  possible  "layer  configurations"  to  be  used  for  calculations 
can  be  determined. 
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I 

i 

MATERIAL  PROPERTY  DATA  AVAILABLE  i 

Location  of  Drill  Holes:  A first  set  of  data  were  generated  primarily  i 

for  exploratory  stemming  and  containment  site  evaluation,  while  a second  i 

set  of  data  were  a preliminary  evaluation  of  the  material  below  the  working  i 

point.  The  drill  holes  from  which  samples  were  obtained  for  the  two  sets 
of  data  were:  (1)  U12n.05  UG*4,  U12n.l0  UG«1  and  UE12n  -•■8,  and  (2)  U12n.l0  | 

i 

UG#2,  U12n.l0  UG#3  and  UE12n  V9,  respectively.  The  approximate  locations  of  j 

these  drill  holes  are  indicated  on  the  map  of  the  Mighty  Epic  region  in  the  | 

"N"  Tunnel  complex  of  Area  12,  as  shown  in  Figure  1.^  j 

The  drill  holes  U12n.05  UG#4  and  U12n.l0  UG#1  are  horizontal  drill 
holes  in  the  plane  of  the  working  point,  and  UE12n  «8  and  UE12n  -9  are 
vertical  drill  holes  form  the  mesa  surface.  The  U12n.l0  UG«2  and  UG=3 
drill  holes  were  collared  back  from  the  working  point  in  the  main  drift  | 

and  extended  downward  to  make  contact  with  the  beds  below  the  working  point.  j 

I 

A drill  hole  designated  U12n.l0  UG#5  was  drilled  downward,  from  the  bypass  | 

drift  at  a lesser  angle  than  the  UG§2  and  UG#3  to  give  an  indication  of  the 
layering  below  and  past  the  working  point.  No  physical  or  mechanical  pro- 
perties data  have  been  generated  to  date  from  this  drill  hole. 

Tests  on  Cores : The  U12n.05  UG#4,  U12n.l0  UG-^1  and  UE12n  =8  core  sam- 

ples were  tested  in  September  1974,  January  1975,  and  December  1973  respec- 
tively.^ The  UE12n  #9,  U12n.l0  UG*2  and  U12n.l0  UG'*3  core  samples  were  all 
tested  in  May  1975.  , 

Tests  for  this  first  set  of  data  for  the  U12n.05  UGf4,  U12n.l0  UG-1 
and  UE12n  «8  core  samples  include  hydrostatic  compression  tests,  uniaxial 
strain  tests,  ultrasonic  velocity  measurement  and  physical  property  measure- 
ments as  shown  in  Figure  2 and  Table  1.  Tests  for  the  second  set  of  data 
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Figure  la.  Plan  View  of  Mighty  Epic  Region,  Area  12,  "N"  Tunnel  Complex 
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for  the  UE12n  =9,  U12n.l0  UG«2  and  U12n.l0  UG»3  core  samples  include  uni- 
axial strain  tests,  physical  property  measurements  and  ultrasonic  velocity 
measurements.  These  data  are  shown  in  Figures  3 through  5 and  Table  2. 

Variation  through  Beds;  Figures  3 through  5 have  been  plotted  such 
that  the  variation  in  several  of  the  material  properties  can  be  seen  as  a 
function  of  distance  along  the  drill  hole.  The  different  lithological  beds 
along  the  drill  hole  are  estimated  from  inspection  of  the  cores  (3),  and 
are  shown  as  dashed  lines  on  the  figures.  The  descriptions  of  each  "layer" 
were  those  used  at  the  meeting  on  16  June  at  NTS.  The  next  section  dis- 
cusses the  layers  in  more  detail. 
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TABLE  2.  TABULATED  TEST  DATA  FOR  PRELIMINARY  EVALUATION. 
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BEST  ESTIMATE  OF  GEOLOGIC  CONFIGURATION 


The  geologic  materials  present  below  the  working  point,  as  indicated 
earlier  in  Figures  3 through  5,  are  tuff  or  tuffaceous  sandstone  (Tt^), 
tuff  and  rubble,  micacious  schist  (Cwc)  and  sterling  quartzite  (p6s).  The 
tuff  is  a competent  material  with  few  fractures  and  little  or  no  variation 
with  depth.  The  tuff  and  rubble  zone  is  a tuffaceous  sandstone  containing 
rubble,  from  millimeter  to  meter  size,  of  quartzite  and  schist  fragments. 

Ihe  micacious  schist  layer  is  composed  of  an  upper  layer  (approximately  10 
to  15  feet)  of  highly  weathered  and  fractured  schist  with  reddish,  silt-like 
material  filling  the  cracks  while  the  lower  portion  is  much  more  competent 
and  contains  some  tight  fractures.  The  quartzite  zone  contains  a consider- 
able amount  of  fracturing,  but  most  are  considered  tight  with  little  or  no 
filler  material . 

A plan  view  of  the  "Mighty  Epic"  site.  Figure  6,  shows  the  location 
and  orientation  of  the  two  cross-sections  shown  in  Figures  7 and  8.  These 


Figure  6.  Plan  View  of  Mighty  Epic  Site  Showing  Location  of  Cross-Sections 
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cross-sections  were  produced  by  United  States  Geological  Survey^  and  were 
preliminary  as  of  16  June  1975.  More  recent  data  from  an  exploratory  drill 
hole,  U12n.l0  UG»5,  sugges',.1  that  the  schist  and  quartzite  layers  dip  to 
the  north  (approximately)  --  see  dashed  and  crossed  line  in  Figure  7 --  con- 
trary to  what  was  initially  presented. 


r-IATERIAL  PROPERTY  DATA  NEEDED  FOR  INTERFACE  CALCULATION 


Data  Necessary:  The  purpose  of  the  laboratory  tests  is  to  define  the 

mechanical  and  physical  properties  of  the  various  rock  units  (tuff,  tuff  and 
rubble,  etc.)  to  then  allow  a recommendation  of  a layer  configuration  such 
as  shown  in  Figure  9.  The  laboratory  tests  necessary  on  samples  from  each 
of  the  rock  units  are  hydrostatic,  triaxial  compression,  and  possibly  other 
load  path  tests,  ultrasonic  velocity  measurements,  and  physical  property 
measurements  including  densities  and  porosity.  For  the  "interface",  different 
tests  will  be  needed  to  define  a friction  model,  including  direct-shear  tests. 
Some  of  these  data  have  already  been  generated.  Further  tests  are  necessary, 
however,  to  define  the  average  in  situ  properties,  especially  in  the  case  of 
the  tuff  and  rubble  and  the  upper  schist  zone.  The  tests  will  require  special 
care  in  preparing  test  samples  from  the  "worst"  to  the  "best"  material  to 
subsequently  define  the  average  and  the  lower  and  upper  bounds  of  the  mater- 
ial propert.es. 

Cores  Required:  A survey  was  made  to  determine  what  portion  of  the 

original  core  samples  received  at  Terra  Tek  were  available  for  added  test- 
ing. Table  3 gives  a list  of  this  information.  There  are  adequate  core 
samples  in  the  tuff,  lower  schist  and  the  quartzite  layers,  but  essentially 
no  samples  in  the  "tuff  and  rubble"  and  the  upper  schist  layers.  A minimum 
of  three  12-inch  long  core  samples  in  each  of  these  two  regions  are  con- 
sidered necessary  to  characterize  the  material. 


TABLE  3.  TERRA  TEK  CORE  SAMPLE  INVENTORY 


Drill  Hole 

Rock 
Uni  t 

Drill  Hole 
Footage  (feet) 

Length  (inches) 

Number  of 
Test  Samples 

U»12N  ~9 

Tuff  & 

1436 

2 

none 

Rubble 

1442 

0 

none 

1 

1454 

2 

none 

Schist 

1431 

4 

1 

1491 

11 

4 

Paleo- 

1509 

2 

none 

zoic 

U12n.lO  UG#2 

Tt2 

290 

11 

4 

Tuff  & 

316 

3 

1 

Rubble 

321 

4 

none 

Schist 

330 

0 

none 

339 

6 

2 

347 

2 

none 

355 

2 

none 

361 

7 

2 

366 

7 

2 

374 

6 

2 

385 

5 

2 

402 

3 

1 

414 

5 

2 

431 

0 

none 

435 

5 

2 

U12n.lO  UG#3 

Tti 

259 

8 

3 

273 

7 

2 

277 

9 

3 

286 

12 

4 

Tuf 

■f  & 

295 

7 

2 

Rubble 

305 

5 

1 
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PREFACE 


Some  comments  are  made  with  reaard  to  the  Mighty  Epic  site 
material  properties  and  to  the  associated  structures  cal cul ationa" 
effort.  These  comments  are  made  after  meetings  at  NVOO  on  August  1 
at  Headguarters , DNA,  August  8,  and  after  discussions  with  Cliff 
McFarland  and  Kent  Goering  on  August  12. 
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GENERAL  DISCUSSION 


Discussions  between  Ivan  Sandler  and  Jim  Johnson  led  tu  the 
presentation  given  by  Ivan  Sandler  at  the  DNA  meeting  on  August  ■. 

The  discussions  between  Jim  and  Ivan  were  conducted  following  the 
general  ground  rule  that  a "PW  Capped  Model"  would  be  used  to  fit 
the  Mighty  Epic  site  tuffs  for  the  "structure  calculations".  During 
the  discussions  between  Jim  and  Ivan,  representative  stress-strain 
curves  available  on  tunnel-bed  tuffs  from  other  sites  were  used  for 
reference  in  the  formulation  of  the  cap  model^.  Jim  indicated  that 
the  Mighty  Epic  site  had  not  yet  been  characterized  and  that  more  test 
data  would  be  passed  on  to  Ivan  as  they  became  available. 

The  cap  model  was  developed  knowing  that  certain  phenomena, 

particularly  those  occurring  after  reaching  the  failure  surface, 

would  not  be  handled  correctly.  For  example,  the  model  was  not 

intended  to  fit  the  apparent  loss  of  strength  which  occurs  as  a test 

2 

sample  is  unloaded  via  a constant  axial  strain  path  . (This  is  known 

3 

to  be  an  effect  caused  by  the  pore  pressure  .)  Secondly,  it  was 
intended  that  as  more  material  property  data  for  the  Mighty  Epic  site 
became  available,  the  parameters  in  the  cap  model  would  be  readjusted 
to  best  represent  the  average  properties  of  the  site  over  the  region 
of  interest. 


There  are  known  phenomena  that  the  "cap  model  formulated"  does 
not  fit,  or  handle  properly.  These  include: 
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4 

--  details  of  the  elastic-limit  where  crush-up  begins  , which 
is  complicated  here  by  not  knowing  the  in  r,itu  stress 
--  the  difference  between  the  apparent  elastic  constants  obtained 
from  the  seismic  velocities  and  from  the  slopes  of  the 

5 

laboratory  stress-strain  curves  , i.e.  the  elastic  constants 

obtained  from  the  [longitudinal]  seismic  velocity  and  guessing 

the  shear-wave  velocity  are  "faired"  into  the  elastic  constants 

obtained  from  the  slopes  of  the  stress-strain  curves 

2 3 

--  pore  pressure  effects  are  not  accounted  for  adequately  ’ 

--  the  laboratory  stress-strain  curves  are  not  fit  beyond  an  initial 
loading  (and  to  some  extent  unloaded)  cycle^’^ 

--  the  tensile  and  extension  strength  is  not  adequately  handled^ 

The  reason  for  not  handling  the  above  phenomena  is  probably  due  to 
a lack  of  material  property  data,  rather  than  to  any  "shortcoming"  of 
the  cap  model . 


Some  material  property  data  on  the  Mighty  Epic  site  has  been 

8 9 

presented  previously  in  Terra  Tek  reports  ’ . Surprisingly,  some 
cores  from  the  region  of  the  structures  experiments  exhibit  quite 
high  shear  strength,  up  to  1.0  - 1.5  kilobars  stress  difference  at 
multi-kilobar  confining  pressures;  typical  tunnel-bed  tuffs  show 

9 

stress  difference  of  about  C.3  kilobars  at  1 kilobar  confining  pressure  . 
It  is  not  clear  why  so  many  cores  exhibit  this  high  strength;  Joe  LaComb 
does  not  seem  concerned  with  this,  and  I believe  he  feels  that  there 
may  be  relatively  "thin"  beds  of  this  strong  tuff. 
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At  the  NVOO  meeting,  some  data  were  presented  by  Joe  LaComb 
suggesting  a low  seismic  velocity  over  parts  of  the  Mighty  Epic  site. 


I believe  Joe  attributes  this  to  stress  relaxation  surrounding  the 
main  and  structures  experiment  tunnels^^.  Joe  indicated  he  intends 
to  conduct  additional  seismic  surveys  as  well  as  hydraul ic-fracturing 
and  over-coring  experiments  to  obtain  more  information  about  the  in 
Htu  stress.  The  exact  program  he  was  going  to  conduct  was  not  clear 
from  the  NVOO  meeting,  and  no  subsequent  discussion  was  held.  If 
this  relaxation  phenomenon  is  correct  then  the  stresses  around  the 
structures  tunnel  is  unknown.  The  in  situ  stress  a few  feet  away  from 
the  scaled  structures  will  not  be  well  defined. 


; The  "pressure  range"  for  which  the  structures  calculations  will 

be  most  sensitive  to  the  material  properties  (right  around  the  structure) 

appears  to  be  the  following.  For  the  spherical  structures,  collapse 

I will  likely  occur  at  high  pressures  (maybe  one  kilobar)  if  at  all;  for 

the  SRI  structures,  the  porous  concrete  will  collapse  at  stresses  as  low 

y 

as  about  0.1  kilobar  (based  on  discussions  at  NVOO).  Therefore,  "more 
detailed"  strength  of  the  tuff  and  the  grout  around  the  structures 
should  be  obtained  over  these  pressure  ranges. 


Strenath  of  the  grout  (to  be  used  around  the  structures)  is  such 

that  it  will  not  match  the  strength  of  the  tuff  over  pressure  ranges 

11  12 

from  0.1  to  1.0  kilobars  ’ . That  is,  if  the  angle  of  internal  friction 


of  the  grout  is  matched  to  that  of  the  tuff  in  the  zero  to  one  or  two- 
hundred  bar  pressure  region,  then  the  strength  of  the  grout  at  higher 
confining  pressures  will  be  1/2  to  1/3  that  of  the  tuff  (assuming  the 
tuff  strength  is  about  0.3  kilobars  stress  difference).  On  the  other 
hand,  if  the  angle  of  internal  friction  of  the  grout  matches  the  tuff 
at  the  higher  confining  pressures,  i.e.  0.5  - 1.0  kilobars  pressure, 
then  the  strength  of  the  grout  at  low  pressure  (one  hundred  bars)  will 
be  much  greater  than  the  tuff. 

The  differences  in  strength  was  discussed  at  the  NVOO  meeting, 
and  it  was  Joe's  opinion  (I  believe)  that  an  economical  (and  pumpable) 
grout  should  be  used  to  reasonably  match  the  tuff.  The  strength  of 
whatever  grout  used  would  be  determined,  and  no  further  effort  would 
be  conducted  to  produce  a "tuff  matching"  grout. 

It  is  our  feeling  that  because  of  the  high  water  content  in  the 
grouts,  the  micro-mechanisms  for  deformation  are  different  than  in 
the  tuff.  In  the  tuffs,  for  example,  we  believe  that  through-going 
fracture-planes  occur  and  sliding  on  the  fracture-plane  results.  In 
the  grout,  a general  collapse  of  the  sample  occurs  without  producing 
a through-going  fracture-plane.  This  difference  in  micro-mechanisms 
leads  us  to  believe  that  it  is  unlikely  that  pumpable  grouts  (50% 
water  or  thereabouts)  can  ever  be  made  to  match  the  tuff's  strength 
properties  over  all  pressure  ranges. 
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Concrete:  used  in  the  structures  will  undoubtedly  behave  as  other 

cement-type  materials  do--reference,  for  example,  the  previous  Terra 

1 3 

Tek  report  on  plain  concrete  . The  concretes  will  undoubtedly  show 

increase  in  strength  with  confining  pressure,  collapse  of  the  porous 

matrix,  and  complex  post-maximum  stress  behavior.  Furthermore,  the 

concretes  are  likely  to  be  strain-rate  sensitive,  exhibiting  maybe  a 

factor  of  two  increase  in  strength  for  rapid  loading  as  opposed  to 

14 

standard  testing  rate  loadings  . 
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RECOMMENDATIONS 


Terra  Tek  recommends  the  following  with  respect  to  the  Mighty 
Epic  Experiment  materials  character! zation ; 

1.  Some  added  tests  should  be  performed  to  better  characterize 

the  tuffs  from  the  working  point  out  to  the  structures, 
and  particularly  in  the  regions  of  a few  feet  around  the 
structures  tunnels.  These  tests  would  dete!"mine  the 
failure  envelope  and  the  stress-strain  response  up  to 
about  1 kilobar. 

2.  For  any  calculations,  the  most  representative  material 

property  data  should  be  used  to  formulate  the  parameters 
in  the  cap  model.  This  will  probably  not  cost  any  more, 
and  will  provide  the  best  material  properties  for  the 
Mighty  Epic  site. 

3.  The  grout  used  around  the  structures  should  be  characterized 

to  the  extent  of  determining  the  failure  envelope  and 
the  stress-strain  response  to  selected  loadings  up  to 
about  1 kilobar.  This  will  provide  data  to  indicate  the 
difference  between  the  grout  and  the  tuff  over  pressure 
ranges  up  to  about  1 kilobar. 


4. 


The  concrete  used  in  the  different  structures  should  be 


characterized  to  the  extent  of  determining  the  failure 
envelope,  the  stress-strain  response,  and  some  limited 
information  on  its  dynamic  (rapid  loading)  response. 

5.  Some  information  should  be  obtained  on  the  "bond  strength 

factor"  for  the  concrete-to-steel . This  can  be  done 

by  running  one  or  two  direct  shear  tests  where  concretes 

used  in  the  structures  are  sheared  along  steel  plates  - 

1 5 

i.e.,  a direct  shear  test  at  several  normal  stresses 
It  is  not  suggested  that  an  extensive  program  be  conducted, 
but  that  some  indication  of  bond  strength  be  obtained  to 
serve  as  guidance  for  the  calculators. 

6.  Some  added  material  property  tests  are  still  needed  for  the 

"interface"  calculation,  and  those  proposed  in  Terra  Tek 
report  TR  75-36  should  be  performed  as  cores  become 
available. 
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SUMMARY 


j 

Physical  and  iiiechanical  properties  tests  have  been  conducted  on 
several  batches  of  grout  supplied  by  Waterways  Experiment  Station.  The 
grouts  are  used  for  gage  implacement  and  containment  of  structures  experiments 
during  nuclear  events  at  the  Nevada  Test  Site  and  the  grout  properties  are 
required  to  insure  the  proper  grout  selection.  The  grouts  were  designated 
HPRM-1,  HPRM-2,  HPRM-3,  HPRM-4,  HPRM-5,  HPSL-16,  HPNS-1  and  HPNS-3C. 

The  properties  determined  for  the  grouts  at  14,  28  and  56  day  age 
are:  physical  properties  (densities,  porosities,  water  content,  etc.), 
ultrasonic  velocities  and  mechanical  properties  (shear  strength,  stress-strain 
response)  from  triaxial  compression  and  uniaxial  strain  tests.  The  entire 
test  program  is  not  complete  and  the  data  reported  is  preliminary. 

The  data  is  reported  in  the  form  of  tables  which  contain  the  physical 
properties  and  velocities  at  each  of  the  three  ages  (with  the  exception  of 
the  HPNS-3C)  and  plots  showing  the  shear  strength  as  a function  of  confining 
pressure  and  the  permanent  compaction  resulting  from  uniaxial  strain  load- 
unload  tests. 
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Table  2:  Physical  Properties  and  Ultrasonic 

Velocities  at  28  Day  Age. 
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Table  3:  Physical  Properties  and  Ultrasonic 

Velocities  at  56  Day  Age. 
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Figure  1;  Failure  Envelope  at  14  Day  Age 
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PREFACE 


Mighty  Epic  pretest  planning  require  material  properties  for  botii 

shock  wave  propagation  and  rock/structural  interaction  calculations.  In 

response  to  this  requirement.  Terra  Tek  has  performed  testing  and  reported 

properties  in  the  following  reports: 

Progress  Report  I - Material  Properties  for  the  Mighty  Epic 
Interface  Experiment  TR  75-36 

Determination  of  Coefficient  of  Internal  Friction  TR  75-38 

Some  Comments  on  the  Mighty  Epic  Material  Properties  TR  75-42 

Physical  and  Mechanical  Properties  of  Several  Grout  Mixtures 
(Preliminary)  TR  75-45 

Testing  is  continuing  and  properties  from  the  U12n.l0  UG  ?4,  UlZn.lO 
UG  -fGa  and  U12n.l0  UG  -7  core  samples  are  included  herein. 
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INTRODUCTION 


Material  properties  tiave  been  determined  on  core  samples  from  three 
drill  holes  in  the  Mighty  Epic  region  at  the  Nevada  Test  Site,  Mercury, 
Nevada.  The  testing  was  conducted  on  core  samples  from  drill  holes  U12n.l0 
UG  =>4  and  U12n.l0  UG  «6a,  which  are  both  located  in  the  structures  area  as 
shown  in  Figure  1,  and  U12n.l0  UG  ?7  which  is  in  between  the  bypass  drift 
and  the  main  drift  and  was  drilled  toward  the  working  point.  All  three  of 
the  drill  holes  are  in  the  horizontal  plane  of  the  working  ooint. 

The  material  properties  measured  are  physical  properties  (as-received 
density,  dry  density,  percentage  water  and  etc.)  and  longitudinal  and  shear 
velocities.  In  addition  to  tests  for  measuring  the  permanent  volume  com- 
paction resulting  from  compaction  in  uniaxial  strain  to  4 kilobars  lateral 
stress,  further  mechanical  character! zations  were  obtained  through  triaxial 
compression  tests.  The  confining  pressures  ranged  from  0 (unconfined  com- 
pression) to  4 kilobars  but  concentrating  on  the  0 to  500  bars  range. 


Figure  1.  Plan  View  of  the  Mighty  Epic 
Tunnels  and  Selected  Drill  Holes 
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' TEST  RESULTS 

The  U12n.lO  UG  f-'4,  U12n.lO  UG  «6a  and  U12n.l0  UG  =7  drill  hole  samples 
physical  properties,  permanent  volume  compaction  and  ultrasonic  velocities 
are  listed  in  Tables  1,  2,  and  3 respectively.  Selected  physical  and 
mechanical  properties  have  been  plotted  vs.  the  drill  hole  footage  for  each 
of  the  three  drill  holes  in  Figures  2,  3 and  4.  The  data  has  been  plotted 
in  this  manner  with  the  intent  of  indicating  average  properties  (dashed 
line)  and  the  amount  of  scatter  in  these  properties  as  a function  of  drill 
hole  footage. 

Individual  test  curves  plotted  as  axial  stress  vs.  volume  change  and 
; stress  difference  vs.  confining  pressure  are  contained  in  the  appendix. 

Uniaxial  strain  tests  curves  for  samples  from  drill  holes  U12n.l0  UG  =4 
and  U12n.l0  UG  r6a  were  plotted  as  axial  stress  vs.  volume  change  such 
that  the  constrained  modulus  could  be  scaled  from  the  slopes  of  the  curves. 
The  U12n.l0  UG  -7  test  data  is  plotted  in  the  usual  manner  --  mean  nonnal 
I stress  vs.  volume  change. 

The  detailed  triaxial  compression  tests  on  samples  257  feet  from 
i U12n.l0  UG  “4  and  on  the  sample  at  116  feet  from  U12n.l0  UG  -6a  are  shown 

I in  Figures  5 and  6.  These  results  are  plotted  as  stress  difference  vs. 

confining  pressure  through  the  confining  pressure  range  of  0 to  100  bars. 

The  same  data  is  extended  out  to  a confining  pressure  of  4 kilobars  in  Figure 
! 7 and  plotted  as  stress  difference  vs.  axial  shortening  in  Figure  8 for  the 

test  at  a confining  pressure  of  50  bars. 
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Table  1.  Physical  Properties,  Permanent 
Volume  Compaction  and  Ultrasonic  Velocities 
on  Core  Samples  tram  U12n.l0  UG  i?4 


Table  2.  Physical  Properties,  Permanent 
Volume  Compaction  and  Ultrasonic  Velocities 
on  Core  Samples  from  U12n.l0  UG  #6a 


Table  3.  Physical  Properties,  Permanent 
Volume  Compaction  and  Ultrasonic  Velocities 
on  Core  Samples  from  U12n.l0  UG  #7 
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Figure  3.  Selected  Data  from  U12n.l0  UG  #6a  Drill  Hole 
Samples  vs.  the  Footage  Along  the  Drill  Hole 
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SAMPLE  I (UI2n.  10  UG**  4,  257' ) 
TRIAXIAL  COMPRESSION 
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Figure  5.  Triaxial  Compression  Test  on  U12n.l0  UG  H 257'  Sample 


SAMPLE  2 (UI2n,  10  UG**6A,  116') 
TRIAXIAL  COMPRESSION 


cr^ , bars 


Figure  6.  Triaxial  Compression  Test  on  U12n.lO  UG  »6a  116'  Sample 
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Figure  7.  Triaxial  Compression  Test  on  U12n.l0  UG  #4  and  UiZn.lO  UG  "6a  Sample's 
TRIAXIAL  COMPRESSION  AT  ^3=50  BARS 


Figure  8.  Stress-Strain  Response  on  U12n.lO  UG  ^4  and 
U12n.l0  UG  #6a  Samples  at  a Confining  Pressure  of  50  Bars 


DISCUSSION 


The  material  properties  shov;  trends  expected  as  the  various  litholo- 
gical beds  are  penetrated  by  the  drill  holes.  However,  the  Mighty  Epic 
regions  portrayed  by  the  UG  #4,  UG  »6a  and  UG  »i7  drill  holes,  on  the 

average,  indicate  higher  as-received  densities,  shear  strengths  and  ultra- 

1 2 

sonic  velocities  (Figures  2,  3 and  4)  than  "typical"  ash  fall  tuff  ’ . 

The  porosities,  air  void  contents  and  water  contents  are  about  the  same. 

The  triaxial  compression  tests  on  the  two  samples  from  UG  #4  and  UG  i 

=6a  (Figures  5-8)  were  for  the  purpose  of  estimating  the  tuff  failure 
envelope  for  comparison  to  grout  mixtures.  The  difficulties  in  producing 
a "tuff  matching"  grout  is  in  matching  the  failure  envelope  over  a range 
of  pressure.  The  grout  tends  to  show  lower  strength  increase  with  pres- 
sure than  the  tuff. 

Additional  triaxial  compression  tests  are  planned  on  selected  samples 
to  further  characterize  the  tuff  material  in  the  immediate  vicinity  of  the 
structures  experiments. 
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BACKGROUND 


In  preparation  for  the  Mighty  Epic  event  at  the  Nevada  Test  Site, 
several  studies  have  required  material  properties  for  the  surrounding  rock 
media  (tuff)  and  several  grout  mixtures.  The  tuff  material  properties  de- 
termined thus  far  have  been  from  several  drill  holes^  beginning  with  initial 
exploratory  drill  holes  to  more  recent  drill  holes  in  the  immediate  vicinity 

of  the  working  point  and  the  structures  studies.  Material  properties  of 

2 

several  grout  mixtures  have  also  been  determined. 

The  material  properties  determined  have  been  physical  properties  (as- 
received  density,  dry  density,  grain  density,  percentage  water,  oorosity, 
saturation  and  air  void  content),  mechanical  properties  (shear  strength  as 
a function  of  confining  pressure),  ultrasonic  longitudinal  and  shear  veloci- 
ties and  other  oroperties  such  as  the  air  void  content  estimated  from  the 
permanent  compaction  of  the  uniaxial  strain  load-unload  tests. 

The  Mighty  Epic  related  reports  distributed  to  date  are  as  follows: 

1.  Properties  of  Quartzite  from  Area  12  of  the  Nevada  Test  Site, 

TR  75-7,  January,  1975. 

2.  Progress  Report  I - Material  Properties  for  Mighty  Eoic  Experiment, 
TR  75-36,  Jl-  ;,  1975. 

3.  Determination  of  the  Angle  of  Internal  Friction,  TR  75-38,  July, 
1975. 

4.  Progress  Report  II  - Mighty  Epic  Material  Properties,  TR  75-42, 
August,  1975. 

5.  Physical  and  Mechanical  Properties  of  Several  Grout  Mixtures, 

TR  75-^5,  August,  1975. 

6.  Progress  Report  III  - Material  Properties  on  Samples  from  Mighty 
Epic  Drill  Holes  U12n.l0  UG«4.  U12n.l0  UG«6a  and  U12n.l0  UG^=7, 

TR  75-50,  September,  1975. 
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INTRODUCTION 


As  a continuing  effort  to  determine  material  properties  for  site 
evaluation  and  development  of  material  models  for  subsequent  use  in  ground 
motion  calculations,  tests  have  been  conducted  to  determine  physical  and 
mechanical  properties  of  tuff  and  grout  relating  to  the  flighty  Epic  event 
at  the  Nevada  Test  Site.  The  purpose  of  the  laboratory  testing  program  has 
been  several  fold:  1)  initial  evaluation  of  the  global  material  properties, 

2)  development  of  material  models  for  purposes  of  oredicting  stemming  and 
containment,  3)  prediction  of  the  response  across  a soft  to  hard  interface, 
4)  determine  if  the  material  properties  are  a function  of  distance  from  the 
tunnel  wall  (this  question  is  related  to  the  seismic  velocities  obtained  in 
the  field)  and  5)  to  insure  a proper  match  between  the  tuff  properties  and 
the  emplaced  grout  properties  surrounding  the  structures  experiments. 

Core  samples  were  tested  from  the  following  drill  holes: 

UE12n=9 
U12n.l0  UG=*7 
U12n.l0  ISS=!=1 
U12n.l0  ISS=5 
U12n.l0  HT=2 
U12n.l0  HF*4 
U12n. 10  A Structures 
U12n. 10  B Structures 
U12n. 10  C Structures 

The  locations  of  these  drill  holes  are  shown  in  Figure  1.  Grout  mixtures 

tested  were  designated: 

ME801 
HE8(32 
ME  804 
ME805 
ME806 
ME8011 
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The  tuff  and  qrout  data  are  reported  in  tabular  and  graphic  form 
followed  by  a discussion  which  specifically  addresses  the  question  of  the 
material  properties  of  the  tuff  as  compared  to  the  properties  of  the  grouts 


Figure  1;  Plan  view  of  the  Mighty  Epic  area  showing  the  drill 
noiGS  from  which  cotg  SdmplGS  h3VG  boGn  tGStGd 


TEST  PROGRAM 


As  discussed  in  the  introduction,  the  purpose  of  the  core  sample 
testing  was  several  fold.  The  types  of  tests,  therefore,  varied  accord- 
ing to  the  purpose  for  which  the  data  was  intended.  For  exaniple,  the  U12n.l0 
ISS=5  drill  hole  samples  were  subjected  to  triaxial  compression  tests  since 
the  shear  strength  of  the  material  is  important  for  the  structural  tests. 

The  types  of  tests  conducted  on  the  subject  drill  hole  samples  and 
the  grout  are  listed  in  Table  1. 


TABLE  1 

Terra  Tek  Laboratory  Test  Program  on  Tuff  and  Grout  Samples 


DRILL  HOLE  MtCHAftlCAL  TESTS  PHYSICAL  PROPERTIES 


TUFF 

hydrostatic 

COMPRESSION 

TRIAXIAL 

COMPOFSSION 

UNIAXIAL 
STRA I N 

ULTRASONIC 

VELOCITIES 

AS  REC,  DRY  AND  GRAIN  DENSITIES 

UE12n=9 

• .=0 

X 

X 

X 

;ii2n.in  ur.=7 

i X 

•,=0,0. 5, A kb 

X 

X 

Ni2i.10  ISS  = 1 

X 

X 

X 

Ill2n.l0  ISS=5 

X 

•-.=0,0. 5, 4 kb 

X 

X 

'Il2n.l0  HF=2 

X 

X 

X 

Ml2n. 10  HF»4 

X 

X 

X 

' Ul2n.l0  A.B.C 
. structures 

: X 

1 

X 

X 

r **  ■ 

OROUT 

' MER01 

1 

X 

•,=0,0.1 .0.25, 
6.5,4  kb 

X 

X 

X 

j HES02 

X 

03=0,0.5,4  kb 

X 

X 

X 

Mrfl04 

X 

X 

X 

«Efl05 

X 

0 ,=0.05,0. 1 , 
0.5, 1.0, 4 kb 

X 

X 

Mr '.,06 

X 

X 

X 

1 Mf,<011 

X 

X 



X 
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TLST  RESULTS 


TUFF 

UE12rig9  Drill  Hole  Samples:  The  physical  properties,  uniaxial  i train 

permanent  volume  compaction  and  ultrasonic  longitudinal  and  shear  wave 
velocities  are  listed  in  Table  2.  The  uniaxial  strain  test  curves  are  shown  iti 
Figure  2 and  the  unconfined  compression  results  in  Figure  3. 

U12n.l0  UG#7  Drill  flole  Samples:  The  hydrostatic  pressure-vol ume  strain 

response  is  shown  in  Figure  4.  The  stress  difference  versus  individual 
strains  for  the  triaxial  compression  at  pressures  of  0,  0.5  and  4 kilobars 
are  shown  in  Figures  5,  6 and  7,  respectively.  The  strength  of  the  core 
samples  at  these  three  confining  pressure  states  are  replotted  in  Figure  8 and 
indicate  the  failure  surface  for  these  materials.  The  physical  properties, 
hydrostatic  compression  permanent  volume  compaction  and  ultrasonic  longi- 
tudinal and  shear  wave  velocities  are  listed  in  Table  2. 

U12n.l0  ISS^l  Drill  Hole  Samples:  The  uniaxial  strain  test  curves  are 

shown  in  Figure  9.  The  physical  properties,  uniaxial  strain  permanent 
volume  compaction  and  ultrasonic  longitudinal  and  shear  wave  velocities  are 
1 isted  in  Table  2. 

U12n.l0  ISS?*5  Drill  Hole  Samples:  The  hydrostatic  pressure--vol ume  strain 

response  is  shown  in  Figure  10.  The  stress  difference  versus  individual 
strains  for  constant  confining  pressures  of  0,  0.5  and  4 kilobars  are  shown  in 
Figures  11,  12  and  13,  respectively.  Again  the  maximum  stress  differences 
obtained  at  these  confining  pressures  are  replotted  in  Figure  14  to  indicate 
the  failure  surface  for  the  material.  The  physical  properties,  the  hydrostatic 
compression  permanent  volume  compaction  and  ultrasonic  longitudinal  and  shear 
wave  velocities  are  listed  in  Table  2. 


yj2jx.lO  HF_#2  Drill  Hole  Sample^:  The  uniaxial  strain  test  curves  are 

shown  in  Figure  15  and  the  physical  properties,  uniaxial  strain  permanent 
volume  compaction  and  ultrasonic  longitudinal  and  shear  wave  velocities 
are  1 isted  in  Table  2. 

U1 2n ■ 1 0 HF^4  Drill  Hoi e SampJ ej : The  uniaxial  strain  test  curves  are 

shown  in  Figure  16  and  the  physical  properties,  uniaxial  strain  permanent 
volume  compaction  and  ultrasonic  longitudinal  and  shear  velocities  are 
1 isted  in  Table  2. 

U12n.l0  A,  B and  C Structures  Drill  Hole  Samples:  The  uniaxial  strain 

test  curves  are  shown  in  Figure  17  and  the  physical  properties,  uniaxial 
strain  permanent  volume  compaction  and  ultrasonic  longitudinal  and  shear  wave 
velocities  are  listed  in  Table  2. 

TABLE  2 

Physical  Properties,  Uniaxial  Strain  Permanent  Volume  Compaction  and 
Ultrasonic  Wave  Velocities  on  Individual  Tuff  Samples  Tested 


VOLUME  CHANGE.  ^,% 

V* 


Figure  2a:  Uniaxial  strain  tests  on  UE12n^9  core  samples  -- 

mean  normal  stress  versus  volume  change. 
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Figure  2b:  Uniaxial  strain  tests  on  UE12n=9  core  samples  -- 

stress  difference  versus  confining  pressure. 
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Figure  3:  Unconfined  compression  tests  on  UE12n-9  core  samples 

stress  difference  versus  individual  strains. 


Figure  4:  Hydrostatic  compression  test  on  UlZn.lO  'Jf'-' 7 core 

samples  --  confininq  pressure  versus  volume  change. 
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Figure  5:  Unconfined  compression  tests  on  U12n.l0  UG-7  core 

samples  --  stress  difference  versus  individual  strains. 
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Figure  6:  Triaxial  compression  tests  at  0.5  kilobars  confinina 

pressure  on  U12n.l0  UG^7  core  samples  --  stress  difference  versus 
individual  strains. 
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Figure  7:  Triaxial  compression  tests  at  4.0  kilobars  confining 

pressure  on  U12n.l0  UG«7  core  samples  --  stress  difference  ■ rsus 
individual  strains. 
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Figure  8:  Failure  envelope  from  triaxial  compression  tests  on  U12n.l0  UG~7. 
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Figure  9a:  Uniaxial  strain  tests  on  U12n.l0  ISS-l  core  samples 

mean  normal  stress  versus  volume  change. 
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Fiqure  9b:  Uniaxial  strain  tests  on  U12n.l0  ISS«1  core  samples 

stress  difference  versus  confininn  nressure. 


1 


95 


VOlJNT  - hANGE  . % 

V 

Fiqure  10:  Hydrostatic  compression  tests  on  U12n.l0  ISS=5  core  samples 
--  confining  pressure  versus  volume  change. 


Figure  12:  Triaxial  comDression  tests  at  0.5  kilobars  cor,-'"ini’;q 

pressure  on  U12n.l0  ISSr5  core  samples  --  stress  difference  versus 
individual  strains. 
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Figure  13:  Triaxial  compression  tests  at  4.0  kilobars  confininq 

pressure  on  U12n.l0  ISS^5  core  samples  - stress  difference  verLs 
individual  strains. 
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Figure  15a:  Uniaxial  strain  tests  on  U12n.l0  HF#2  core  samples 

mean  normal  stress  versus  volume  chanqe. 
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Figure  15b:  Uniaxial  strain  tests  on  U12n.l0  HF-f2  core  samples 

stress  difference  versus  confining  pressure. 


Figure  16a:  Uniaxial  strain  tests  on  UlPn.lO  HF#4  core  samples  -- 

mean  normal  stress  versus  volume  change. 


CONFINING  PRESSURE,  , KBARS 


Figure  15b:  Uniaxial  strain  tests  on  U12n.l0  HF^4  core  samples  -- 

stress  difference  versus  confining  pressure. 
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Figure  17a:  Uniaxial  strain  tests  on  L'12n.l0  A Structures  (31  feet), 

B Structures  (25  feet)  and  C Structures  (30  feet)  core  samples  -- 
mean  normal  stress  versus  volume  change. 


Figure  17b:  Uniaxial  strain  tests  on  U12n.l0  A Structures  (31  feet), 

B Structures  (25  feet)  and  C Structures  (30  feet)  core  samples  -- 
stress  difference  versus  confining  pressure. 


GROUT 

ME801  Grout  Samples:  The  hydrostatic  compression  and  uniaxial  strain 

test  curves  are  shown  in  Figure  18  while  the  stress  difference  versus  the 
individual  strain  curves  for  the  triaxial  compression  tests  are  shown  in 
Figure  19.  The  failure  surfaces  based  on  the  triaxial  test  data  for  the 
different  grouts  tested  are  shown  at  the  end  of  this  grout  section. 

ME802  Grout  Samples:  The  hydrostatic  compression  and  uniaxial  strain 

test  curves  are  shown  in  Figure  20  while  the  stress  difference  versus  the 
individual  strain  curves  for  the  triaxial  compression  tests  are  shown  in 
Figure  21 . 

ME804  Grout  Samples:  The  stress  difference  versus  the  axial  and  transverse 

strains  for  the  unconfined  compression  test  is  shown  in  Figure  22. 

ME805  Grout  Samples:  The  hydrostatic  compression  test  result  is  shown 

in  Figure  23  while  the  stress  difference  versus  individual  strain  curves  for 
the  triaxial  compression  tests  are  shown  in  Figure  24. 

ME806  Grout  Samples:  The  stress  difference  versus  individual  strains 

for  the  unconfined  compression  tests  is  shown  in  Figure  25. 

ME8011  Grout  Samples:  The  uniaxial  strain  test  curves  are  shown  in 

Figure  26. 

The  physical  properties,  hydrostatic  compression  and  uniaxial  strain 
permanent  volume  compactions  and  ultrasonic  longitudinal  and  shear  wave 
velocities  are  listed  in  Table  3 for  all  of  the  six  grout  mixtures. 

The  maximum  stress  difference  (failure  surface)  during  the  triaxial 
compression  tests  on  the  various  grout  mixtures  is  shown  in  Figure  27. 
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As  a note,  the  grout  data  shown  was  obtained  from  tests  conducted  at 
the  fourteen  day  aging  point  of  all  of  the  grout  mixtures. 
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Figure  18a:  Hydrostatic  compression  and  uniaxial  strain  tests  on 

ME801  grout  samples  --  mean  normal  stress  versus  volume  change  (14  day  age). 
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Figure  18b:  Uniaxial  strain  test  on  ME801  grout  sample  --  stress 

difference  versus  confining  pressure  (14  day  age). 
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Figure  19a:  Low  stress-strain  portion  of  the  triaxial  compression 
tests  on  ME801  grout  samples  --  stress  difference  versus  individual 
strains  (14  day  age),  see  Figure  19b  for  entire  test  curves. 
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Figure  19b:  Triaxial  compression  tests  on  ME801  grout  samples 
stress  difference  versus  individual  strains  (14  day  age),  see 
Figure  19a  for  low  stress-strain  response. 


Figure  20a:  Hydrostatic  compression  and  uniaxial  strain  tests  on 

ME802  grout  samples  --  mean  normal  stress  versus  volume  change 
( 14  day  age) . 
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Figure  20b:  Uniaxial  strain  test  on  ME802  grout  sample  --  stress 

difference  versus  confining  pressure  (14  day  age). 
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Figure  21:  Triaxial  compression  tests  on  ME802  arout  sample  -- 

stress  difference  versus  individual  strains  (14  day  age). 


Figure  22:  Unconfined  compression  test  on  ME804  grout  sample  -- 

stress  difference  versus  individual  strains  (14  day  age). 
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Figure  23:  Hydrostatic  compression  test  on  ME805  grout  sample  -- 

confining  pressure  versus  volume  change  (14  day  age). 


Figure  24a:  Low  stress-strain  portion  of  the  triaxial  compression 
tests  on  *^E805  grout  samples  --  stress  difference  versus  individual 
strains  (14  day  age),  see  Figure  24b  for  entire  test  curves. 
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Figure  24b:  Triaxial  compression  tests  on  ME805  grout  samples 
stress  difference  versus  individual  strains  (14  day  aoe),  see 
Figure  24a  for  low  stress-strain  response. 


ME  80  6 

'T  = 0 


r 


LO  0 1.0 

transverse  axial 

ST  RAIN,  % 


Figure  25:  Unconfined  compression  tests  on  ME806  grout  sample 

stress  difference  versus  individual  strains  (14  day  age). 
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Figure  26a:  Uniaxial  strain  tests  on  ME8011  grout  sample  --  mean 

normal  stress  versus  volume  change  (14  day  age). 
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Figure  26b:  Uniaxial  strain  tests  on  ME8011  grout  sample---  stress 

difference  versus  confining  pressure  (14  day  age). 
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Figure  27:  Failure  envelope  based  on  the  triaxial  compression  tests 
on  ME801,  ME802  and  ME805  orout  samples  (14  day  age).  Also  shown  is 
the  unconfined  compression  tests  on  ME804  and  ME806. 


TABLE  3 

Physical  Properties,  Hydrostatic  Compression  and  Uniaxial  Strain 
Permanent  Volume  Compaction  and  Ultrasonic  Wave  Velocities  on  Grout  Samples 


DRILL  HOLE 

DENSITY  gm/cc 

% WATER 

FOOTAGE 

: AS- 

BY  WET 

RECEIVED 

DRY 

GRAIN 

WEIGHT 

YEf.?n 

1 .^5 

1.61 

2.57 

1.89 

1.57 

2.54 

1.91 

1.56 

2.52 

'■'t'iiiS 

1.97 

2.01 

1.67 
1 . 74 

15.5 

13.6 

1 

2.06 

1.77 

2.53 

13.7 

Vo  WATER  porosity  saturation  % CALC.  % MEAS. 


velocity 

ft/sec 


AIR  PERMANENT  TT/sec 

VOIDS  CCMP  LONG  SHEAR 
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DISCUSSION 


The  matchinq  of  the  grout  properties  to  the  properties  of  the  tuff 
in  the  structural  test  area  is  essential  to  the  structures  program.  A 
good  match  would  eliminate  many  ore-shot  and  most  likely  post-shot  questions 
about  the  effect  of  differences  in  the  properties. 

In  order  to  achieve  a match,  it  was  first  necessary  to  characterize 
the  tuff  in  the  structures  area.  Up  to  the  time  that  the  match  question 
arose,  a number  of  exploratory  tests  had  been  conducted.  These  tests  in- 
cluded uniaxial  strain,  physical  property  measurements  and  ultrasonic 
velocities.  From  tiiese  data,  one  could  obtain  absolute  values  for  most  of 
the  important  properties  with  the  exception  of  the  shear  strength  of  the 
material  (failure  envelope).  The  failure  envelope  may  be  estimated  from 
the  stress-stress  response  of  the  uniaxial  strain  test.  Therefore,  the 
stress-stress  curves  for  forty  uniaxial  strain  tests  were  averaged.  From 
these  averages,  failure  envelopes  were  estimated  (from  experience,  the 
stress-stress  curve  is  assumed  to  be  a lower  bound)  as  reported  in  a letter 
to  Mr.  J.  W.  LaComb,  29  August,  1975,  and  shown  in  Figure  28.  The  estimated 
failure  envelopes,  admittedly,  do  not  give  the  exact  shape  and  can  vary  in 
magnitude,  but  they  provided  an  early  strength  estimate  in  order  that  the 
process  of  matching  a grout  to  the  tuff  could  begin. 

Failure  envelopes  from  triaxial  compression  tests  have  since  been  ob- 
tained for  the  tuff  from  the  structures  test  area  (Figure  14).  With  this 
recent  data,  the  early  strength  estimates  and  comparative  triaxial  compres- 

4 

Sion  data  on  U12n.-10  ISS#7  from  WES  , a representative  failure  envelope  of 
the  tuff  in  the  structures  area  was  approximated  by  the  author  and  Mr. 

R.  L.  Stowe  (WES),  Figure  29.  This  failure  envelope  is  shown  again  in 

112 


Figure  30  along  with  the  failure  surfaces  of  some  of  the  Mighty  Epic  grout 
mixtures  tested  to  date. 

Other  properties  of  the  tuff  in  the  structures  area  have  been  averaged 
and  the  data  is  listed  in  Table  4,  again  with  the  grout  properties  for 
comparison. 
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Figure  28:  Estimated  failure  envelopes  based  on  uniaxial  strain 
test  results  on  core  samples  from  U12n.l0  UG#4,  UG^6a,  ISS=5  and 
ISS#7  drill  holes3. 
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Figure  29:  Representative  failure  envelope  for  the  tuff  in  the  Structures 

area,  based  on  uniaxial  strain  tests  and  triaxial  compression  test  data 
from  Terra  Tek  and  WES‘'. 
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Figure  30:  Combined  structures  tuff  failure  envelope  and  grout 

failure  envelopes  shown  in  Figure  29  and  and  Figure  27,  respectively. 


TABLE  4 


Average  Structures  Tuff  Physical  Properties,  Permanent 
Compaction  and  Ultrasonic  Wave  Velocities.  Also  listed  for  comparison 
is  the  physical  properties  of  the  grout  as  reported  in  Table  3. 
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PREFACE 


Concrete  and  steel  structure  response  was  predicted  and  measured  for 
the  Miqhty  Epic  nuclear  test  in  Area  12  of  the  Nevada  Test  Site.  In  support 
of  this  analysis  Terra  Tek  determined  material  properties  of  the  steel  and 
three  types  of  concrete  as  well  as  the  coefficient  of  friction  for  the 
steel -concrete  interface.  Test  results  are  presented. 
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INTRODUCTION 


One  of  the  experiments  planned  for  the  Mighty  Epic  event  in  Area  12, 
Nevada  Test  Site  was  to  evaluate  the  effects  of  shock  loading  on  concrete 
and  steel  structures.  Experimental  analysis  required  mechanical  properties 
for  the  concrete,  steel  and  concrete-steel  interfaces.  Concrete  properties 
were  detennined  through  uniaxial  and  triaxial  compression  tests  at  quasi - 
static  loading  rates.  Steel  samples  were  tested  in  uniaxial  tension  and 
compression  while  the  coefficient  of  friction  for  the  concrete  interfaces 
were  determined  in  direct  shear  tests. 
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CONCRETE  MECHANICAL  TESTS 


Concrete  samples  used  in  this  study  were  obtained  from  two  sources 


Lasker  Boiler  and  Engineering  Corporation  of  Chicago,  Illinois  supplied  30 


standard  cylindrical  test  samples  15.2  cm.  diameter  by  30.5  cm.  long. 

This  concrete  was  designated  LBC-5.5  ksi  (i.e.,  anticipated  28  day  unconfined 


strength  of  5.5  ksi).  The  average  water-cement  ratio  was  0.36:1 


the  mean 


coarse  aggregate  size  was  1.9  cm.  and  comprised  about  45  percent  of  the 
concrete  by  weight  (see  Figure  1).^  The  second  concrete  source  was  Lockheed 


Shipbuilding  and  Construction  Company,  Seattle,  Washington  from  which  60 


standard  cylindrical  samples,  15.2  cm.  diameter  by  30.5  cm.  long  were  obtained 


Cross  section  of  LBC-5.5  ksi  concrete 


These  60  cylinders  were  subdivided  into  two  groups:  30  cylinders  were  a 5.5 


ksi  mix  design  while  the  remaining  30  cylinders  were  of  a 7.2  ksi  mix  design 


The  water-cement  ratio  is  here  defined  as  the  weight  of  water  divided 
by  the  weight  of  cement  per  cubic  yard  of  concrete. 


These  cylinders  were  designated  as  LH-5.5  ksi  and  LH-7.2  ksi,  respectively, 

indicating  a 5.5  ksi  and  7.2  ksi  28  day  unconfined  compressive  strength. 

Both  concretes  had  a mean  coarse  aggregate  size  of  1.3  cm.  The  LH-5.5  ksi 

concrete  had  a water-cement  ratio  of  0.39:1  and  was  56  percent  coarse 

aggregate  by  weight  as  shown  in  Figure  2.  The  LH-7.2  ksi  concrete  had  a 

water-cement  ratio  of  0.44:1  and  was  14.5  percent  coarse  aggregate  by  weight 

2 

as  shown  in  Figure  3. 

The  cylinders  were  shipped  sealed  to  preserve  moisture.  Mechanical 
testing  commenced  approximately  2 months  after  the  pour  date. 


Concrete  Sampl e Preparati on 

Concrete  test  sample  ends  were  ground  parallel  to  within  ± .005  cm. 
Samples  designated  for  triaxial  compression  testing  were  examined  for 
subsurface  cavities  which  might  collapse  during  pressurization.  These 
cavities  were  filled  with  a grout  and  subsequently  jacketed  with  polyurethane. 
Steel  endcaps  were  attached  with  rubber  tape  and  stainless  steel  lockwire. 


Instrumentat ion 

Both  axial  and  lateral  stresses  and  strains  were  measured.  Axial 
stress  was  measured  to  within  6 bars.  A 350  ohm  manganin  wire  pressure 
coil  was  used  to  obtain  the  confining  pressure.  Pressure  coil  readings  / 

were  accurate  to  within  2 bars.  Confining  pressure  was  also  monitored  | 

with  a Heise  pressure  gauge.  Axial  and  lateral  strains  were  obtained  using  | 

strain  gauged  cantilever  systems  and  calibrated  to  be  accurate  within 
.006  percent  strain  and  .003  percent  strain,  respectively.  A more  detailed 
description  of  the  transducer  systems  may  be  found  in  Reference  3.  During 
testing,  data  was  recorded  using  a POP  Lab  11  computer  in  conjunction  with 
x-y  recorders. 


Figure  3.  Cross  section  of  LH-7.2  Ksi  concrete. 


Concrete  Resul  ts  ajid  ConcJ  us  ions 

The  general  shape  and  character  of  the  stress-strain  triaxial  compression 

4-7 

curves  agree  with  other  published  results.  The  initial  non-linear  portion 
of  the  stress-strain  curves  for  both  the  hydrostatic  and  unconfined  tests 
have  been  shown  to  occur  if  microcracks  exist  in  the  concrete.  Microcracks 
may  have  resulted  from  excessive  mortar  shrinkage  due  to  excess  water  or 
by  separation  of  the  aggregate  and  matrix  due  to  temperature  fluctuations. 

In  addition,  the  handling  and  transportation  of  "green"  concrete  may  have 
an  effect  on  microcracking.  This  initial  nonlinear  portion  was  followed  by 
a linear  region  up  to  about  50  percent  of  the  failure  strength  for  the 
unconfined  tests.  A third  stage  during  unconfined  testing  was  then  observed 
which  showed  nonlinear  stress-strain  response  to  failure.  After  the  initial 
nonlinear  foot,  the  hydrostatic  loading  curves  also  showed  fairly  linear 
response  up  to  about  500  bars  confining  pressure  after  which  a second 
nonlinear  confining  pressure-volume  strain  region  occurred. 

Table  I lists  the  bulk  modulus  determined  from  hydrostatic  loading  of 
the  concrete  as  shown  in  Figure  4.  The  bulk  moduli  in  Table  1 were  detemiined 
using  a secant  slope  from  0 to  0.55  kilobars. 


TABLE  I 

Bulk  Moduli  for  the  Three  Concretes 
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Figure  4.  Hydrostatic  pressure  versus  volume  strain 
for  the  three  types  of  concrete. 


Table  II  lists  triaxial  compression  test  results.  Published  values 

for  the  Young's  modulus  range  from  200  to  400  kilobars  depending  upon 

concrete  mix  design,  while  reported  values  for  Poisson's  ratio  average 
9 10 

about  0.2.  ’ The  values  reported  herein  are  consistent  with  those 
previously  reported  data. 

Figures  5,  6,  and  7 show  the  triaxial  stress-strain  data  for  the  three 
concrete  types.  The  maximum  stress  difference  attained  during  triaxial 
compression  testing  was  interpreted  as  the  ultimate  stress.  Obtaining 
reliable  stress-strain  data  beyond  the  ultimate  stress  was  often  not 
possible  due  to  catastrophic  sample  failure  which  resulted  in  exceeded 
data  acquisition  capabilities.  Thus,  the  arrows  indicate  the  direction  taken 
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Stress  difference  versus  strain  plots  for  LBC-5.5 
ksi  concrete. 
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Figure  6. 


Stress  difference  versus  strain  plots  for 
LH-5.5  ksi  concrete. 
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TABLE  II 

Summary  of  Triaxial  Compression  Test  Results  for  the  Three  Concretes 


Sample 

Concrete  Type 

Test  Type 

Ultimate  Stresses,  bars 

Young ' s 
Modulus , 

r’ni  ss'^n  ‘ s ' 

0 3 

'I  - ■ ■ 

I'lean 

Kb 

8,>t  io 

10 

LBC-5.5 

Unconf i ned 

0 

546 

182 

260* 

8.12  j 

16 

LBC-5.5 

Tri axi al 

ini 

888 

397 

445 

1 

n.  33 

15 

LBC-5.5 

Tri  axi  al 

118 

750 

368 

400 

0 _ 9fl 

17 

LBC-5.5 

Triaxial 

276 

1240 

690 

--- 

— 

25 

LBC-5.5 

Triaxial 

372 

1 1 38** 

751 

300 

'^.1^ 

12 

LH-5.5 

Unconf 1 ned 

0 

4 70 

157 

260* 

n or 

18 

LH-5.5 

Triaxial 

207 

076 

395 

320 

0.13  ; 

21 

LH-5.5 

Triaxial 

552 

1395 

1018 

330 

8.13 

13 

LH-7.2 

Unconf i ned 

n 

528 

176 

210* 

0_  10 

14 

LH-7.2 

Unconf i ned 

0 

500 

167 

230* 

8.15 

23 

LH-7.2 

Triaxial 

212 

1055 

564 

345 

0.23 



LH-7.2 

Triaxial 

552 

I.  - - 

1366 

1007 

345 

1 

i 

* Scaled  on  linear  portion  of  curve,  (i.e.,  does  not  include  the  "foot 
on  the  curve). 

**  Confining  pressure,  0.,,  lowered  from  552  to  372  bars  to  achieve  samnle 
fai lure. 


by  the  stress-strain  curve  after  attaining  ultimate  stress.  Figure  8 shows  the 
ultimate  stress  surface  determined  from  the  ultimate  stress  for  each 
sample.  A general  trend  of  increasing  ultimate  stress  with  increasing  mean 
stress  was  observed  for  the  three  concrete  types.  However,  little  difference 
in  ultimate  stress  between  concrete  types  was  observed. 

The  brittle-ductile  transition  for  the  three  concretes  appears  to  be 
between  100  and  500  bars  confining  pressure  as  exemplified  by  the 
large  compressive  strains  above  500  bars  confining  pressure.  Ductile 
behavior  was  defined  as  axial  strain  greater  than  1 percent.  Other 
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investigators  have  observed  the  brittle-ductile  transition  to  occur  at  about 
150  to  200  bars  confining  pressure  for  a concrete  mix  having  a water  to 
cement  ratio  of  0.6:1  and  a maximum  aggregate  size  of  1.0  cm.  Figures 
9 and  10  show  the  recovered  samples  (numbers  23  and  25)  after  triaxial  testing 
at  confining  pressures  of  212  and  552  bars,  respectively.  The  figures  show 
a more  localized  failure  zone  at  212  bars  confining  pressure  as  compared 
to  a more  generalized  (diffuse)  failure  at  552  bars  confining  pressure.  A 
more  generalized  failure  suggests  increased  ductility. 
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STEEL  MECHANICAL  TESTS 


11 

The  steel  used  in  the  Mighty  Epic  structures  was  an  ASTM  A36  mild 
steel.  A sample  of  this  steel  was  supplied  to  Terra  Tek  in  the  form  of  a 
plate,  30  cm.  x 30  cm.  x 1.9  cm.,  by  Lasker  Boiler  and  Engineering  Corp. 
of  Chicago,  Illinois.  Tensile  and  compressive  tests  were  performed  to 
determine  the  mechanical  properties  of  the  steel.  Test  samples  were 
obtained  from  two  orthogonal  directions  in  the  plane  of  the  plate  and  one 
direction  normal  to  the  plane  of  the  plate  in  order  to  check  for  anisotropy. 

The  orthogonal  directions  were  artibrarily  selected  since  rolling  directions 
were  not  specified  by  the  contractor. 

Steel  Sample  Preparation 

The  samples  tested  under  the  tensile  load  were  cylindrical,  0.635  ± 

.013  cm.  diameter,  and  2.54  ± .013  cm.  gage  length.  The  samples  for  compressive 
testing  were  also  cylindrical,  0.953  + .013  cm.  diameter,  and  1.905  i .013 
cm.  total  length.  Sample  ends  were  prepared  parallel  to  within  • .0003  cm. 

Axial ity  of  the  test  specimen  with  the  loading  piston  was  within  ; .01  cm. 

For  both  tensile  and  compression  specimens,  two  strain  gauges  were  bonded 
directly  to  the  sample  to  monitor  the  axial  and  transverse  strains.  The 
strain  gauges  used  were  accurate  to  ■ .005  percent  strain.  All  sample 
preparation  was  done  in  accordance  with  ASTM  Standards  E8-65T  and  E9-61 . 

All  loadings  were  applied  quasi-statical ly. 

Steel  Test  Results  and  Conclusions 

In  order  to  clarify  the  designation  of  the  test  samples,  the  plate 
orientation  shown  in  Figure  11  was  selected.  Tensile  and  compressive  tests 
were  performed  on  samples  from  both  the  "x"  and  "y"  directions.  Samples  from 
the  "z"  direction  were  tested  in  compression  only  since  the  3/4  inch 
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Figure  il.  Orientation  of  steel  plate. 


thickness  did  not  allow  adequate  length  for  a tensile  sample.  The  stress 
strain  curves  for  various  sample  orientations  are  contained  in  Figures  12 
through  16.  In  each  case  the  test  is  designated  by  the  direction  of  the 
samples  longitudinal  axis  and  the  type  of  loading,  i.e.,  XC  indicates  X 
direction,  compressive  loading. 


Figure  12.  Tensile  stress-strain  steel 
sample,  X direction. 
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A11  samples  demonstrated  a linear  elastic  region  and  a well  defined 
yield  point.  The  mean  upper  yield  point  observed  during  the  loading  was  2.9C  + 
0.06  kbars.  The  niean  Young's  modulus  measured  was  2.090  * 0.075  Mbars  witn  a 
mean  Poisson's  ratio  of  0.285  ± 0.015.  The  variation  in  behavior  for  the 
different  orientations  is  due  most  likely  to  the  small  sample  population 
tested  rather  than  to  some  anisotropic  nature  of  the  plate. 

A summary  of  the  steel  behavior  is  contained  in  Table  III. 

TABLE  III 

Summary  of  Steel  Test  Data 


Test 

Designation 

Test 

Tyoe 

Young's 
Modul us 

Poisson ' s 
Ratio 

Upper  Yield 
Strength 

XT 

Tensi  le 

2030  Kb 

0.27 

2.96  Kb 

YT 

Tensile 

2170  Kb 

0.31 

3.03  Kb 

XC 

Compressi ve 

2170  Kb 

0.20 

2.88  Kb 

YC 

Compressive 

2040  Kb 

0.28 

2.93  Kb 

ZC 

Compressive 

2030  Kb 

0.27 



3.02  Kb 
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actuator  operating  in  the  displacement  feedback  mode  at  a rate  of  0.001 
cm/sec.  Both  the  normal  and  shear  loads  were  measured  directly  by  load 
cells  placed  in  line  with  the  actuators.  Frictional  load  contribution 
due  to  the  shear  box  was  minimized  by  incorporating  ball  bearings  and 
hardened  steel  bearing  surfaces.  Although  the  coefficient  of  friction 
for  this  bearing  proved  to  be  dependent  upon  normal  load  negligible  errors 
were  incurred.  For  a normal  stress  of  70  bars,  the  friction  coefficient  was 
.009  and  at  a normal  stress  of  700  bars  it  was  .002.  Through  calibration, 
horizontal  and  vertical  loads  were  determined  to  be  accruate  to  within  - 0.2b 
bars.  Transducers  mounted  on  the  shear  boxes  measured  the  relative  horizontal 
displacement  of  the  two  boxes  to  within  ± .015  cm.  The  direct  shear 
specimens  were  held  in  place  in  the  shear  boxes  using  a grout,  Ultra-Cal  30. 

Direct  Shear  Results  and  Conclusi on s 

Table  IV  lists  the  direct  shear  data  for  the  three  cubes.  Sample 
C-Y-13  "stub"  showed  no  breakdown  shear  stress  and  gave  an  average  friction 
coefficient  of  0.53.  Sample  C-Y-13  "sphere"  showed  an  initial  breakdown 
shear  stress  of  28.1  bars  dropping  to  a residual  shear  stress  of  25.2  bars 
giving  initial  and  residual  friction  coefficients  of  .80  and  .73,  respectively. 
Sample  C-X-5  showed  no  significant  breakdown  stress  and  gave  an  average 
friction  coefficient  of  0.70.  Note  that  the  terms  "stub"  and  "sphere" 
indicate  the  type  of  structure  in  which  the  concrete  was  used. 

The  coefficient  range  0.69  to  0.73  listed  in  Table  IV  should  be  considered 
the  representati ve  coefficient  of  friction  since  the  sample  C-Y-13  "stub" 
had  become  unbonded  at  the  concrete-steel  interface  prior  to  testing.  The 
authors  feel  this  unbonding  could  have  affected  the  data  via  some  mechanism 
such  as  drying  of  the  surfaces. 


TABLE  IV 


DIRECT  SHEAR  DATA 
(LBC  - 5.5  ksi  concrete) 


Sample 

Shear  Rate 
10'^  cni/sec 

Normal  Stress,  bars 
(to  shear  plane) 

Residual 

Eriction  Coefficient 

C-Y-13 

"stub" 

1 

34.5 

.53 

1 

58.3 

.52 

1 

101.4 

.53 

C-Y-13 

'sphere" 

1 

34.5 

.73 

C-) 


CONCLUDING  REMARKS 


The  concrete  and  steel  mechanical  tests  showed  behavior  consistent 
with  previously  published  results.  Young's  modulus  and  Poisson's  ratio 
for  the  concrete  averaged  310  kilobars  and  0.17,  respectively.  The  average 
bulk  modulus  for  the  three  concrete  types  was  115  kilobars.  The  steel 
samples  gave  an  average  Young's  modulus  and  Poisson's  ratio  of  2090 
kilobars  and  0.28,  respect! vely . The  direct  shear  tests  showed  that  a 
coefficient  of  friction  of  0.7U  best  represented  the  concrete-steel 
i nterface . 
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SUMMARY 


A Defense  Nuclear  Agency  program  at  the  Nevada  Test  Site  to  study  the 
effect  of  shock  waves  --  both  magnitude  and  direction  --  on  structures  of 
varying  configurations  and  designs  required  a complete  characterization  of 
the  material  (tuff  and  grout)  surrounding  the  structures.  It  was  also  desired 
that  the  grout  properties  be  similar  to  the  tuff  properties. 

Tuff  surrounding  the  structures  was  characteri zed  through  mechanical  and 
physical  properties  measurements  performed  at  Waterways  Experiment  Station 
(WES)  and  Terra  Tek,  Inc.  Subsequent  grout  development  then  performed  at  the 
Grouting  Branch  of  the  Concrete  Laboratory  at  WES  with  mechanical  testing  by 
both  the  Rock  Properties  Branch  of  the  Concrete  Laboratory  at  WES  and  Terra 
Tek,  Inc.  As  samples  from  each  mixture  were  tested,  new  mixtures  were  designed. 
Approximately  twenty  mixtures  were  analyzed  before  final  grout  selection,  ME8-11. 
This  ME8-11  grout  was  implaced  in  the  structures  drifts  in  preparation  for  the 
Mighty  Epic  event. 
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INTRODUCTION 


Line  of  Site  (LOS)  pioe  emplacement  for  nuclear  test  nroorams  utilize 
substantial  amounts  of  qrout  materials.  Different  functional  roles  reouire 
different  qrout  mixtures.  For  examole,  qrouts  have  been  desioned  to  atten- 
uate energy  via  high  qas-tilled  porosity,  to  protect  structures  via  the 
shear  strength,  to  flov;  via  the  ductility,  etc.  It  has  proved  difficult 
to  obtain  a single  mixture  with  a combination  of  select  properties.  For 
example,  to  strengthen  grout,  the  water  content  is  decreased,  this  would, 
if  saturation  remained  constant,  result  in  a higher  density,  higher  sound 
speeds,  and  a less  workable  mixture.  A more  detailed  description  of  the 
denendence  of  properties  on  each  other  is  included  in  the  text. 

Stringent  requirements  for  grout  properties  was  necessary  for 
the  Mighty  Epic  structures  program  at  the  Nevada  Test  Site  Area  12.  The 
qrout  and  tuff  nrooerties  were  required  pre-test  for  1)  evaluating  pre- 
test static  desion  methods,  2)  determination  of  active  instrumentation  re- 
SDonse  for  the  structures  in  the  nuclear  test  and  3)  providinq  a basis  for 
interpretino  the  Mighty  Epic  test  data.  To  meet  these  obiectives  it  was 
necessary  to  characterize  the  qrout  material  and  to  match  the  grout  pro- 
perties very  closely  with  those  of  the  parent  material -tuff . 

Matching  grout  properties  to  that  of  the  tuff  required,  first  of  all, 
the  properties  of  the  tuff.  Material  prooerties  of  primary  importance  were 
the  shear  strength,  the  air  void  content,  the  as-received  density  and  the 
longitudinal  pulse  velocity.  Waterways  Experiment  Station^  (WES)  and  Terra 
Tek,  were  responsible  for  determining  these  properties. 

Once  an  adequate  tuff  description  was  available,  progress  began  on  de- 
veloping a matching  grout.  This  process  involved  varying  the  constituents 
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the  (irout  mixtures  by  WES  and  NTS  personnel.  Each  mixture  was  then 
tested  by  WES  or  Terra  Tek  to  determine  its'  prooerties.  Two  maior  con- 
cerns durino  this  orocess,  in  addition  to  matchino  the  tuff  properties, 
were  maintainino  a pumpable  orout  and  insurinq  a low  temperature  rise  dur- 
ing curing. 

This  report  contains  the  test  results  from  which  the  average  proper- 
ties of  the  tuff  were  obtained,  a description  of  the  grout  constituents, 
the  grout  tests  conducted,  and  the  eventual  verification  of  the  arout  mix 
properties  actually  implaced  in  the  structures  drifts. 
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STRUCTURES  TUFF 


The  Miqht.y  Epic  orogram  is  planned  for  the  "n"  tunnel  complex.  Area 
12.  Material  properties  data  were  available  from  other  events  in  the  im- 
mediate vicinity,  namely.  Misty  North  and  Ming  Blade.  The  tuff  that  had 
been  tested,  however,  was  from  a considerable  number  of  different  rock 
units  ("tunnel  beds").  Additionally,  most  of  the  tests  previously  con- 
ducted were  primarily  for  siting  purposes  and  the  tuffs  were  incomplete- 
ly character! zed.  It  was,  therefore,  necessary  to  conduct  select  tests  on 
cores  specifically  from  the  structures  area. 

The  structures  drifts  relative  to  the  Mighty  Epic  working  point  are 
shown  in  Figure  1.  The  structures  are  in  the  same  horizontal  plane  of  the 
working  point,  are  designated  "A",  "B"  and  "C"  and  are  contained  within 
tunnel  bed  units  3BC,  3D,  4AB  and  4CD. 

Core  holes  U12n.l0  UG#4  and  UG46a  were  drilled  into  the  area  prior 
to  mining  the  drifts.  The  core  samples  from  these  holes  were  initially 
used  for  core  testing  to  determine  the  suitability  of  the  area  for  struc- 
tures implacement.  This  data  provided  a generalized  overview  of  the  na- 
ture of  the  tuff  in  the  structures  area  --  air  void  contents,  densities, 
sound  speeds  and  estimates  of  the  strength  of  the  material.  These  early 
estimates,  especially  on  the  strength  of  the  tuff,  were  necessary  to  ini- 
tiate a matching  grout  mixture  development. 

After  completion  of  mining  the  structures  drifts,  core  samples  were 
obtained  from  the  ISS  ^5  and  ISS  47  drill  holes  and  the  A,  B and  C Struc- 
tures areas.  Along  with  samples  remaining  from  the  UG-4  and  UG*6A  holes, 
a number  of  triaxial  compression  tests  were  conducted  to  define  the  tuff 
failure  envelope  (maximum  stress  difference  at  varying  confining  pressures). 
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AVERAGE  STRUCTURES  TUFF  PROPERTIES 


As  stated  earlier,  a preliminary  estimate  of  the  tuff  strength  was 
required  for  the  qrout  development.  To  provide  this  estimate,  the  U6=4  and 
UG=6a  uniaxial  strain  test  stress-stress  curves  (Appendix  A)  were  averaged, 
see  Figure  2.  These  curves,  from  past  experience,  are  known  to  be  a lower 
bound  to  the  failure  envelope  produced  by  the  triaxial  compression  tests. 

It  should  be  emphasized  that  these  averaoe  uniaxial  strain  test  stress-stress 
curves  do  not  define  the  magnitude  or  shape  of  the  failure  envelope  but  will 
provide  a lower  bound.  The  uniaxial  strain  test  data  suggested  that  the  shear 
strength  for  the  tuff  in  the  structures  area  was  about  twice  as  strong  as  that 

4 

of  the  "averaoe"  area  12  tuff  . Subsequent  triaxial  compression  tests  produced 
the  failure  points  shown  in  Figure  3.  These  limited  data  provided  the  necessary 
failure  envelope  detail,  see  Figure  4. 

The  other  properties  of  the  tuff  determined  from  the  testing  are  sum- 
marized in  Figures  5 through  3 as  a function  of  distance  along  the  drill  hole. 
The  average  and  standard  deviation  for  these  properties  are  listed  in  Table  2. 

The  tuff  in  the  structures  area  and,  in  general,  the  Mighty  Epic  area 
has  higher  shear  strength,  higher  density  and  higher  sound  soeeds  than  the 
tyoical  12  tuff.  The  water  content  is  lower  for  the  structures  tuff 

while  the  air  void  content  is  approximately  the  same. 


0 12  3 4 


CONFINING  PRESSURE,  “’j  , kbars 

Fiqure  2.  Average  Stress-Stress  Response  of  Uniaxial  Strain  Tests 
on  U12n.lO  UG;i*4  and  UG=6a  Core  Samples  (TTI). 
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Finure  3.  Combined  Failure  Data  from  U12n.lO  UG*4,  UG-6a, 
ISS-5  and  ISS"7  Core  Samples. 
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TABLE  2 


i 


SOME  AVERAGE  PROPERTIES  OF 


THE  STRUCTURES 

TUFF* 

STANDARD 

AVJRAGE 

DEVjATjOjl  , 

As  Received  Density  (qm/cc) 

1.95 

1 

0.05 

Water  Content  by  Wet  Weight  ( ') 

15.7 

2.6 

Porosity  ( ) 

31 

7 i 

Air  Voids  ("')** 

1.0 

0.43  . 

Ultrasonic  Longitudinal  Velocity  (ft/sec) 

10,300 

1,000 

* The  averages  includes  all  values  (with  the  exception  of  the  last 
4 samples  from  U12n.l0  UG^4  which  were  not  considered  as  rep- 
resentative) on  samples  from  U12n.l0  UG=4,  UG=6a , ISS=5  and  ISS-7. 

**  The  air  void  content  is  taken  here  as  the  permanent  volume  compac- 
tion from  the  uniaxial  strain  test. 


164 


I 


GROUT  PROPERTIES 


Material  properties  have  been  detemined  on  a number  of  nrout  tyoes 
during  the  last  several  years  of  the  Nevada  Test  Site  program.  Grout  types 
were  all  variations  of  basic  super  lean,  rock  matching  and  high  strength 
grouts.  Table  3 and  Figures  9 and  10  summarize  selected  nroperties  of  these 

4 

basic  types  . 

Following  the  prel iminary  estimate  of  the  structures  tuff  properties, 
nine  different  mixtures  of  grout,  used  mainly  in  stemming  and  containment 
systems  of  past  events,  were  sent  to  Terra  Tek  for  testing.  The  grout  designa- 
tions were  HPRM-1,  HPRM-2,  HPRM-3,  HPRM-4,  HPRM-5,  HPSL-16,  HPNS-1,  HPNS-2 
and  HPRM-3C.  Hydrostatic  comoression  tests,  triaxial  comoression  tests,  uni- 
axial strain  tests,  physical  property  measurements  and  ultrasonic  velocity 
measurements  were  conducted  on  these  grout  types  at  14,  28  and  56  day  ages. 
These  data  are  listed  in  tabular  form  in  Table  4 and  as  the  triaxial  com- 
pression derived  failure  envelopes  in  Figure  11.  These  data  indicate  varia- 
tions in  the  shear  strength  from  tens  of  bars  to  hundreds  of  bars,  ultrasonic 
longitudinal  velocities  from  7,000  to  11,000  feet  per  second,  air  void  con- 
tents from  1.5  to  4.5  , and  as-received  densities  from  1.86  gm/cc  to  2.10 
gm/cc.  Based  on  these  grout  properties,  changes  were  made  in  mix  constituents 
to  "fine  tune"  the  grout  properties,  (i.e.,  bring  all  of  the  properties  of  a 
single  mix  close  to  that  of  the  tuff). 

The  subseguent  grout  mixtures  were  designated  ME801  through  MF8-11.  In 
most  cases,  each  grout  mixture  was  repronortioned  in  the  developmental  studies 
based  on  the  properties  of  the  previous  mixture.  The  tests  on  these  grout 
mixtures  varied  from  unconfined  compression  tests  to  triaxial  compression  tests 
to  verify  the  shear  strength  of  the  mixture.  If  other  properties  were  also 


needed,  uniaxial  strain  tests,  physical  property  measurements  and  ultrasonic 
longitudinal  and  shear  wave  velocities  were  conducted  - Table  5 summarizes  the 
measurements  and  tests. 


The  Minhty  Epic  grout  failure  envelopes,  based  on  the  triaxial  compression 
tests,  are  shown  in  Figure  12  while  the  physical  properties  and  ultrasonic 
velocities  are  tabulated  in  Table  6. 

Selected  properties  of  all  grout  mixtures  (HPRM-1  through  ME8-11)  are 
summarized  in  Figure  13  with  the  average  structures  tuff  shown  for  reference. 
This  plot,  along  with  the  shear  strength  data  (Figure  12),  substantiate  the 
evolution  of  the  nrout  development  for  the  flighty  Epic  structures  oroaram. 
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Figure  10.  Hydrostatic  Compression  and  Uniaxial  Re- 
sponse of  Several  Orout  Mixtures  and  a 
Typical  Ash  Fall  Tuff. 
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Fiaure  lib.  28  Day  Age  Failure  Envelope  on  Grout  Mixtures  HPRM-1,  HPRM-2. 

HPRM-3,  HPRM-4,  HPRM-5,  HPSL-16,  HPNS-1,  HPRM-3C  and  HPHS-2. 
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Finure  11c.  56  Day  Age  Failure  Envelope  on  Grout  Mixtures  HPRM-1,  HPRM-2. 

HPRM-3,  HPRM-4,  HPRM-5,  HPSL-16,  HPNS-1,  HPRM-3C  and  HPNS-2. 
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TABLE  4 

PHYSICAL  PROPERTIES,  ULTRASONIC  VELOCITIES  AND  PERMANENT  VOLUME 
COMPACTION  ON  NINE  INITIAL  GROUT  TEST  MIXTURES 


MIX  roRFs 


density  l(jfTi/cc) 


RECEIVED  DRY  GRAiN 


AAT-EW  POROSiTf  SATURATION  CAlC  VEAS  | VELOCiTr 

BY  a£T  A(R  PtHMANENTj  (#»  sc.) 

'AElGHT  VOIDS  cOMP  I 

(%)  (%)  1 (%)  1 Shear 


TABLE  5 


SUMMARY  OF  MEASUREMENTS  AND  TESTS 
CONDUCTED  ON  MIGHTY  EPIC  GROUT  MIXTURES 


GROUT 
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ULTRASONIC 

VELOCITIES 

ME  801 

X 

X 

ME802 

X 

X 

ME804 

X 

ME805 

X 

X 

ME806 

ME807 

ME808 

X 

ME8-11 

X 

X 

ME8-11 (R) 
(Field  Cast] 

X 

X 

MECHANICAL  TESTS 


TRIAXIAL 

COMPRESSION 


HYDROSTATIC 

COMPRESSION 


UNIAXIAL 

STRAIN 


T T , 

‘ • ( 


Mf  «»?  'T  T J 

■*'.  K-^ 

hfl{H^  TTiJ 


STH  • -WfV  T I 
_ SH  * ' 4 

Vt  (WES) 

Vt  004  (WES) 

_.  - _.  V(  T’  : — • 

vte^tt  «*(  • 

: vt  *t  s 

- — — Mt  se  ^ *ES 

“ VfH06  WFS. 


*,t  \ *,  •.  , rr  X ."Cars 


Figure  12.  Combined  Failure  Data  on  ME801  through  ME8-11  Grout  Samples. 


TABLE  6 

PHYSICAL  PROPERTIES,  ULTRASONIC  VELOCITIES  AND  PERMANENT  VOLUME 
COMPACTION  OH  GROUT  MIXTURES  ME801,  MEC02,  ME804,  ME805,  MES06  and  ME8-11 
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Fiqure  13.  Selected  Properties  of  all  Grout  Mixtures 
Tested  Durinq  this  Grout  Development. 
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VERIFICATION  OF  FIELD  OROUT  MIXTURES 

An  added  precaution,  and  one  that  has  been  standard  procedure  for  past 
events,  is  periodic  saniplinq  of  the  qrout  mixes  that  are  actually  implaced 
in  the  tunnels.  This  was  especially  necessary  for  the  structures  qrout 
where  the  properties  were  of  upmost  importance. 

Selected  samples  obtained  from  batches  of  the  field  cast  ME8-11  qrout 
were  tested  by  WES  and  TTI.  The  test  results  are  shown  in  Fiqure  14  and 
15  during  the  aging  process  and  in  Fiqure  16  for  qrout  tests  conducted 
dose  to  shot  day.  Table  7 summarizes  selected  properties  on  these  field 
cast  mixtures. 

The  finalized  mixture  contained;  Portland  cement,  expansive  cement, 
flyash.  Barite,  Bentonite,  pumice  sand,  fine  silica  sand,  water  reducing- 
retarder  admixture  and  water.  The  water-cementitious  ratio  by  weiqht  was 
1.4.  The  theoretical  unit  weiqht  and  theoretical  cementitious  content 
were  125.9  pounds  per  cubic  feet  and  5.0  bags  oer  cubic  yard,  respectively. 
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Figure  14a. 


Uniaxial  Strain  Results  on  Samples  from  Several 
Mixtures  of  ME8-11(R)  Field  Mixes  (TTI)  --  Stress- 
Strain  Response. 
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Figure  14b. 


Uniaxial  Strain  Results  on  Samples  from  Several 
Mixtures  of  ME8-11(R)  Field  Mixes  (TTI)  --  Strc  s- 
Stress  Response. 
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Figure  15a.  Uniaxial  Strain  Results  on  Samples  from  Several  Mixtures 
of  ME8-11(R)  Field  Mixes  (WES)  --  Stress-Strain  Response. 
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Figure  16a.  Uniaxial  Strain  Results  on  Samples  from  Several  Mix- 
tures of  ME8-11(R)  Field  Mixes  (TTI)  --  Stress-Strain 
Response.  Tests  were  conducted  close  to  Mighty  Epic 
Shot  Day. 
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Figure  16b.  Uniaxial  Strain  Results  on  Samples  from  Several  Mix- 
tures of  ME8-1KR)  Field  Mixes  (TTI)  --  Stress-Stress 
Response.  Tests  were  conducted  close  to  Mighty  Enic 
Shot  Day. 
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DISCUSSION  AND  CONCLUSIONS 


The  mechanical  and  physical  properties  of  the  tuff  in  the  structures 
area  are  well  documented.  The  structures  tuff,  as  compared  to  the  typical 
ash  fall  tuff  in  Area  1.?,  has  about  twice  the  shear  strength  with  densities 
and  sound  speeds  10  to  20  percent  higher,  oorosities  and  water  contents  10 
to  20  percent  lower  and  air  void  contents  approximately  the  same.  The 
scatter  in  the  material  orooerties  is  typical  of  tuff. 

Once  the  tuff  prooerties  had  been  established,  the  development  of  a 
matching  grout  reguired  several  major  considerations.  The  shear  strength 
of  the  grout  was  of  utmost  importance,  not  only  unconfined,  but  as  a func- 
tion of  confining  pressure  (failure  envelope).  Grout  mixtures  with  high 
porosity  and  saturation  are  much  less  pressure  dependent  than  tuff.  This 
behavior  is  primarily  a function  of  the  pore  pressure  and  the  resulting 
effective  stress.  The  most  obvious  means  to  increase  the  pressure  depen- 
cence  of  the  grout  shear  strength  was  to  decrease  the  water  content  of  the 
nrout.  Lowering  the  water  content  and  reproportioning  with  various  types 
of  mixture  constituents  not  only  assisted  in  matchina  the  shape  of  the 
tuff  failure  envelope  but  also  in  producing  the  overall  increase  in  the 
shear  strength  needed.  However,  with  this  decrease  in  water  and  increase 
in  shear  strength,  the  pumpability  of  the  grout  was  lowered.  It  should 
be  obvious  that  with  this  dependence  of  prooerties  on  one  another,  the 
development  reguired  considerable  effort  and  a number  of  changes  in  the 
grout  constituents. 

Aside  from  predicting  what  mixture  changes  were  necessary  to  produce 
the  desired  results,  the  aging  history  of  each  test  batch  was  important. 
Time,  temperature  and  humidity  all  add  an  important  factor  to  the  nrout 

I'T 


properties.  Grout  impiaced  in  essentially  a 100  percent  humidity  environ- 
ment can  develop  a considerable  temperature  rise  over  a period  of  time. 

Also,  the  orout  would  be  impiaced  weeks  or  months  prior  to  test  execution. 
Obviously,  to  have  simulated  these  exact  conditions  on  the  development 
qrouts  would  require  a prohibitive  test  program  time.  Therefore,  prior 
experience  and  knowledge  of  the  aging  characteristics  were  utilized  to  a 
considerable  degree  in  this  grout  program.  As  an  example,  note  the  differ- 
ences in  the  unia  ial  strain  test  response  of  the  ME8-11  grout  as  tested 
by  WES  and  Terra  Tek,  Figure  B15.  The  WES  data  was  qenerated  from  samples 
which  had  been  at  elevated  temperature  and  100  percent  humidity  for  7 days. 

This  aqing  history  is  approximately  equivalent  to  28  days  of  curing  at  room 
temperature  while  maintaining  the  water  content  constant.  The  Terra  Tek 
tests  were  on  14  day  age  room  temperature  cured  samples.  The  WES  samples 
(7  day  accelerated)  produced  about  twice  the  shear  strenqth  and  a much  dif- 
ferent stress-strain  response  than  the  Terra  Tek  samples  (14  day  room  temp- 
erature) . 

In  summary,  the  development  of  a grout  to  match  select  properties  of 
the  tuff  was  very  successful.  The  ME8-11  grout  mixture  matches  very  close- 
ly the  shape  of  the  tuff  failure  surface,  the  as-received  density,  the 
sound  speed,  porosity  and  the  water  content.  The  air  void  content  of  the 
grout  is  slightly  higher  but  will  not  be  a problem  because  of  the  relative- 
ly thin  layer  of  grout. 

Concerning  the  absolute  maonitude  of  the  grout  shear  strength,  it  was 
the  general  consensus  of  the  persons  responsible  for  the  structures  experi- 
ments, that  in  consideration  of  the  tuff  material  scatter,  they  would  prefer 
to  haye  the  grout  strenoth  on  the  low  side  rather  than  the  hioh  side  of  the 
"representative"  tuff  strenqth.  The  ME8-11  grout  mixture  is  therefore  ex- 
pected to  peak  out  at  a strennth  lower  than  the  "representative"  tuff  strenoth. 
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APPEMDIX  A 


Mechanical  Test  Results  on  U12n.l0  UG=4, 
UG=6a,  ISS=5  and  ISS=7  Core  Samples. 


W 


VOlu-VL  CHANGF 


Hydrostatic  Compression  Results  on 
U12n.l0  UG-6a  Core  Samples  (WES). 
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Figure  A3.  Hydrostatic  Compression  Results  on 
U12n.l0  ISS"7  Core  Samples  (WES). 
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Figure  A4.  Unconfined  Compression  Results  on 
U12n.l0  Core  Samples  (TTI). 
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Piqure  A5.  Unconfined  Compression  Results  on 
U12n.l0  UG-6a  Core  Samples  (TTI). 
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Fiqure  A6.  Triaxial  Compression  Results  on  U12n.lO 
UG=6a  Core  Samples  (WtS). 
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Triaxial  Compression  Results  on  U12n.l0 
ISS-5  Core  Samples  (TTI). 
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Figure  A8.  Triaxial  Compression  Results  on  U12n.l0 
ISS“5  Core  Samples  (TTI). 
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Figure  A9.  Triaxial  ComDression  Results  on 
U12n.l0  ISS^5  Core  Samples  (TTI). 
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Fioure  AlO.  Triaxial  Compression  Results  on 
U12n.l0  ISSr7  Core  Samples  (WES). 


Fiqure  Alla.  Uniaxial  Strain  Results  on 

U12n.l0  UG^4  Core  Samoles  (TTI). 
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Uniaxial  Strain  Results  on  U12n.l0  UG=4 
Core  Samples  (TTI ) . 
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Fifjure  A12a.  Uniaxial  Strain  Results  on  U12n.l0  UG-6a  Core 
Samples  (TTI). 
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Finure  A12b.  Uniaxial  Strain  Results  on  Fl’n.lO  UG=6a  Core 
Samnles  (TTI). 
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Figure  A13a.  Uniaxial  Strain  Results  on  U12n.l0  A,  B, 
and  C Drift  Samples  (TTI). 
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Finure  A13b.  Uniaxial  Strain  Results  on  U12n.l0  A,  E, 
and  C Drift  Samples  (TTI). 
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Fiqure  A14.  Fsilure  Data  from  Triaxial  Compression  Tests  on 
UlZn.lO  UG#4  Core  Samnles. 
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Figure  A15.  Failure  Data  from  Triaxial  Compression  Tests  on 
U12n.l0  UG*6a  Core  Samples. 
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Finure  A16.  Failure  Data  from  Triaxial  Compression  Tests  on 
U12n.l0  ISS-5  Core  Samples  (TTI). 
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Figure  B1 . Triaxial  Compression  Tests  on  ME801  Crout  Samples  (TTI) 
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Figure  B3a.  Hydrostatic  Compression  and  Uniaxial  Strain  Tests  on 
ME801  Grout  Samples  (TTI). 
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Figure  B3b.  Hydrostatic  Compression  and  Uniaxial  Strain  Tests  on 
ME801  Grout  Samples  (TTI). 
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Fiqure  B5a.  Hydrostatic  Compression  and  Uniaxial  Strain  Results  on 
mm2  (TTI). 
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Figure  B5b.  Hydrostatic  Compression  and  Uniaxial  Strain  Results 
on  ME802  (TTI). 


Figure  B6.  Unconfined  Compression  Tests  on  ME804  Grout  Samples 
(TTI). 
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Failure  Data  on  ME804  Groiit  Samoles  (WES). 


Figure  B8.  Failure  Data  on  ME805  Grout  Samples  (WES  and  TTI ) 
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Figure  89.  Hydrostatic  Compression  Results  on  ME805  Grout 
Samples  (TTI). 
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BIO.  Unconfined  Compression  Results  on  ME806  Orout  Samples 
(TTI). 
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Fiaure  Oil.  Failure  Data  on  ME806  Orout  Samples  (WES  and  TTI). 


Figure  B12.  Failure  Data  on  ME807  Grout  Samples  (WES) 


Figure  B13.  Failure  Data  on  ME808  Grout  Samples  (WES). 
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Figure  B15a.  Uniaxial  Strain  Results  on  ME8-11  Srout 
Samples  (WES  and  TTI). 
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Figure  B15b.  Uniaxial  Strain  Results  on  ME8-11  Grout 
Samples  (WES  and  TTI ) . 
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PROPERTIES  OF  U12n.lO  MH#2  AND  MH#3  CORE  SAMPLES 


TerraTek 


June  2,  1976 


Mr.  J.  W.  LdComb 
Defense  Nuclear  Agency 
Nevada  Test  Site 
Mercury,  NV  89023 

Dear  Joe: 

Properties  have  been  measured  on  core  samples  from  U12n.l0  MH^2  (90')  and 
U12n.l0  MH#3  (48',  51',  54',  57')  interface  drill  holes.  Physical  proper- 
ties and  ultrasonic  velocities  were  obtained  on  all  samples  while  limited 
mechanical  data  v;as  produced. 

Attached  are  photographs  showing  the  tuff  sample  from  MH?^3  at  48  feet,  a 
combination  tuff  and  rubble  at  51  and  54  feet  and  a more  competent  palezoic 
material  at  57  feet.  The  MH-2  90  foot  sample  shown  appears  to  be  from  the 
same  region  of  the  interface  as  the  MH^3  51  and  54  foot  samples. 

The  table  following  the  photographs  lists  the  physical  properties  and  ultra- 
sonic velocities  of  the  samples.  As  noted  by  the  data  along  a 2 inch  length 
of  the  90  foot  sample,  there  is  a considerable  amount  of  variation  in  the 
interface  region.  The  actual  insitu  physical  properties  would  obviously 
require  knowing  the  percentage  of  each  type  of  material  in  the  whole;  al- 
though the  material  from  48'  thru  57'  does,  in  general,  show  higher  densities, 
lower  water  contents  and  higher  ultrasonic  velocities  than  the  Mighty  Epic 
tunnel  bed  tuff. 

Triaxial  compression  tests  were  conducted,  with  limited  success,  at  confining 
pressures  of  0.1  and  0.5  KB.  The  attached  data  indicates  that  the  tuff  sample 
(48')  showed  only  slightly  higher  shear  strength  than  the  average  tunnel  bed 
tuff  while  the  sample  at  51  foot  showed  a shear  strength  within  the  lower  bound 
of  the  tunnel  bed  tuff.  Two  tests  were  conducted  on  the  54  foot  sample,  both 
at  a confining  pressure  of  0.5  kilobars,  to  determine  the  effect  of  the  inhomo- 
geneities in  the  material.  One  sample  contained  a number  of  rubble  fragments 
on  the  order  of  1 to  3 centimeters  in  diameter  while  the  other  sample  contained 
fragments  no  greater  than  1 centimeter  in  diameter.  The  former  sample  produced 
a maximum  failure  stress  of  0.25  kilobars  while  the  latter  sample  produced  a 
maximum  failure  stress  of  1.07  kilobars.  This  amount  of  variation  is  not  at  all 
unreasonable  for  the  type  of  sample  being  tested.  The  57  foot  sample  produced 
a maximum  failure  stress  of  1.04  kilobars  which  would  have,  in  all  probability, 
been  much  higher  had  it  not  failed  along  the  bedding  plane  shown  in  the  earlier 
photograph.  The  90  foot  sample  from  MH»2  was  noticeably  weaker,  but  again, 
seemed  to  be  a result  of  the  size  and  orientation  of  the  rubble  fragments  in  the 
test  sample. 


Mr.  J.  W.  LaComb 
June  2,  1976 
page  2 


Preliminary  direct  shear  test  results  on  MH?2  - 84',  MH=3  - 47'  and  - 52' 

indicate  shear  strengths  of  0.117  KB,  0.133  KB  and  .069  KB,  respect! vely . The 
normal  stress  was  constant  at  0.069  kilobars.  The  coefficient  of  sliding  fric- 
tion was  difficult  to  obtain  as  the  initial  fracture  was  not  entirely  in  the 
shearing  plane  and  continued  fracturing  occurred  as  the  displacenient  increased. 
The  data  suggests,  however,  a coefficient  of  sliding  friction  on  the  order  of 
0.6  to  0.7.  Photographs  of  the  direct  shear  test  samples  are  attached. 

Sincerely, 


Scott  W.  Butters 
Engineering  Supervisor 

SWB/jlg 


Enclosures 

cc;  Mighty  Epic  Distribution 


May  17,  1976 


TerraTek 


Mr.  Phil  Coleman 
Systems,  Science  & Software 
P.O.  Box  1620 
La  Jolla,  CA  92037 

Dear  Mr.  Coleman: 

The  following  table  lists  the  true  susceptibilities  as  calculated  from  the 
apparent  susceptibilities  (Ka)  for  each  of  the  footages  from  U12n.l0  MH#2  and 
MH#3.  The  true  susceptibilities  were  determined  using  Vc  as  the  volume  of 
powdered  material,  M as  the  mass  of  the  material  and  Da  as  the  calculated 
apparent  density.  The  true  susceptibility  (Km)  was  then  calculated  as: 

Km  = { Dm/Da)  X Ka 

where  Dm  is  the  true  material  density. 

TRUE  SUSCEPTIBILITY  DETERMINATION 


Sample  I.D. 

As-Received 
Density,  Dm,gm/cc 

Powdered  Material 

Ka,10  ^emu 

Km,10"^emu 

Vc(cc) 

M(gm) 

Da ,gm/cc 

^H#2  52.5' 

1.61 

93.0 

97.9 

1.05 

285 

437 

MH#2  82.4' 

2.11 

90.5 

111.5 

1.23 

576 

988 

MH#2  95.3' 

2.65 

90.0 

143.6 

1.60 

412 

682 

MH#2  128.2' 

2.64 

92.0 

144.0 

1.57 

605 

1017 

MH#3  42.2' 

1.73 

47.0 

49.9 

1.06 

114 

186 

m§3  56.4' 

2.16 

92.5 

127.9 

1.38 

343 

537 

MH#3  65.55' 

2.80 

87.0 

125.3 

1.44 

106 

206 

MH#3  80.0' 

2.82 

93.0 

130.3 

1.40 

166 

334 

Enclosed  are  copies  of  the  susceptibility  procedures  and  the  susceptil ibity 
machine  description. 


Research  Engineer 

RDK/jlg 

Enclosures 

cc:  Joe  LaComb 

Scott  Butters 
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MISCELLANEOUS  MIGHTY  EPIC  PROPERTIES 
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March  30.  1976 


Mr.  J.  W.  LaComb 
Defense  Nuclear  Agency 
Nevada  Test  Site 
Mercury,  NV  89023 

Dear  Joe: 

We  have  completed  the  triaxial  compression  tests  on  the  U12n.l0  ISS  drill 
hole  samples.  The  apparent  Young's  Moduli  and  Poisson's  ratios  have  been 
scaled  from  the  slopes  of  the  stress-strain  curves  and  are  listed  in  the 
attached  table.  The  individual  stress-strain  curves  and  the  physical  pro- 
perties are  also  attached. 

The  data  indicates  a consistent  increase  in  the  Young's  Moduli  with  increas- 
ing confining  pressure.  The  Poisson's  ratios  listed  for  the  unconfined  com- 
pression tests  (ci3  = 0)  were  obtained  by  using  the  "linear  portion"  of  the 
stress  difference-axial  strain  curve.  The  "foot"  that  was  not  scaled  on 
these  curves  would  have  produced  much  lower  Poisson's  ratios  --  on  the  order 
of  0.05  to  0.10.  The  Poisson's  ratios  at  the  two  confining  pressure  levels 
appear  consistently  between  0.20  and  0.25  regardless  of  the  value  of  Young's 
Moduli . 

Please  call  if  you  have  any  questions  concerning  the  data. 


Sincerely, 


Scott  W.  Butters 
Engineering  Supervisor 
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CONFINING 
PRESSURE 
a . , BARS 

YOUNG'S 

MODULUS 

E,KB 

POISSON'S 

RATIO 

V 

U12n.l0  ISS^l  23' 

0 

28 

0.32 

34 

48 

0.24 

69 

49 

0.24 

U12n.l0  ISS»3  21 ' 

0 

27 

0.40 

34 

44 

0.27 

69 

37 

0.23 

U12n.lO  ISS^S  5' 

0 

47 

0.26 

34 

54 

0.22 

69 

42 

0.25 

U12n.l0  ISS.'^e  28' 

0 

130 

0.25 

34 

150 

0.23 

69 

160 

0.23 

U12n.l0  ISS^7  17' 

0 

54 

0.32 

34 

75 

0.22 

69 

95 

0.23 

U12n.l0  ISS^8  12' 

0 

64 

0.15 

34 

70 

0.20 

69 

80 

0.23 
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MISCELLANEOUS  CORE  SAMPLE  PROPERTIES 
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WATER 
BY  WET 
WEIGHT 
(%) 

POROSITY 

(%) 

SATURATION 

(%) 

CALC 

AIR 

VOIDS 

(%) 

MEAS 

PERMANENT 

COMP. 

(V.) 

U!?n.0fl  RE=) 
13 

1.90 

1.57 

2.40 

1 7. 1 

34 

95 

1.8 

1.1 

12106 

6696 

21 

1.80 

1.41 
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SUMMARY 


The  effect  of  fracturing  on  ultrasonic  velocities  in  rock  have  been 
investigated.  The  material  was  an  ash-fall  tuff  taken  from  the  Nevada 
Test  Site,  Area  12.  Fractures  were  generated  in  uniaxial  load  (compression) 
tests  and  direct  shear  tests.  Both  test  techniques  are  described,  as  well 
as  the  means  of  determining  the  ultrasonic  velocities.  The  results,  in 
general,  show  the  same  trend  as  reported  in  other  types  of  rock;  i.e.,  a 
decrease  in  both  the  P-wave  (longitudinal)  and  S-wave  (shear)  velocities 
resulting  from  fracture.  The  maximum  change  observed  for  the  P-wave  was 
■V  25  percent,  and  10  percent  for  the  S-wave. 
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INTRODUCTION 


The  effect  of  fractures  on  the  ultrasonic  velocities  in  a variety  of 
rocks  has  been  studied.  For  example,  Gupta  (1973)  performed  P-wave  (longi- 
tudinal) and  S-wave  (shear)  velocity  measurements  on  Indiana  limestone; 
Matsushima  (1960)  measured  the  P-wave  velocity  on  Ki tashi rakawa  biotite 
granite  as  it  was  being  fractured;  and  Peselnick,  al^.  (1975)  reported 
tne  change  in  the  P-wave  velocity  in  powdered  granite  as  it  was  being 
sheared.  These  results  all  showed  the  same  trend:  a decrease  in  velocity 

in  the  fractured  material. 

The  objective  of  this  study  was  to  determine  the  effects  of  fracture  on 
the  acoustic  velocities  in  ash-fall  tuff  to  explain  the  reduction  in  seismic 
velocities  with  time  noted  in  the  pillars  at  underground  locations.  The 
samples  were  obtained  from  cores  from  Area  12  at  the  Nevada  Test  Site.  Frac- 
tures were  generated  in  the  samples  by  uniaxial  (compression)  loading  and 
direct  shearing.  Both  test  techniques  are  discussed  in  this  report.  The 
results  obtained  on  the  ash-fall  tuff  show  the  same  general  decrease  in 
velocities  with  fracture  as  reported  in  other  rocks. 

The  method  of  measuring  the  velocities  is  presented  in  Appendix  A.  Both 
the  P-wave  and  S-wave  velocities  were  measured  during  the  direct  shear  test; 
only  the  P-wave  velocity  was  obtained  in  the  uniaxial  load  test.  When  both 
P-wave  and  S-wave  velocities  are  obtained,  the  elastic  moduli  and  Poisson's 
ratio  can  be  calculated.  A computer  print-out  of  these  moduli  is  included 
in  Appendix  B. 
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SAMPLE  PREPARATION 


The  ash-fall  tuff  samples  were  all  nominally  1 7/8  inch  diameter  cores 
taken  from  Area  12.  They  were  saw-cut  to  length  and  the  ends  ground  parallel 
to  within  two-thousandths  of  an  inch.  The  compression  test  sample  was  4 
inches  long;  those  used  in  the  shear  test  were  approximately  2 1/4  inches 
long.  Samples  with  a variety  of  bulk  densities  were  selected  for  the  direct 
shear  test.  All  samples  were  maintained  in  the  as-received  saturated  con- 
dition. The  physical  properties  of  the  material  used  in  all  tests  are  listed 
in  Table  I . 


FRACTURE  BY  UNIAXIAL  COMPRESSION 


The  technique  for  determining  ultrasonic  velocities  during  uniaxial 
compression  tests  is  illustrated  in  Figure  1.  The  ultrasonic  transducers 
(500  KHz,  PZT-5)  are  recessed  in  the  end  caps  through  which  the  load  is 
applied.  The  propagation  direction  of  the  wave  is  parallel  to  the  load- 
ing direction.  Figure  2 shows  a sample  fractured  by  uniaxial  compression. 
It  is  obvious  from  this  photograph  that  the  propagation  path  of  the  ultra- 
sonic wave  crosses  the  fracture  plane  at  a high  angle.  Even  though  this 
one  test  showed  a change  in  the  P-wave  velocity  greater  than  20  percent 
(Figure  3),  this  method  of  producing  a fracture  was  abandoned  in  favor  of 
the  direct  shear  technique  for  the  following  reasons: 

• Inability  to  independently  control  load  normal  to  fracture. 

• Inability  to  measure  normal  and  shear  displacements  without  prior 
knowledge  of  the  fracture  plane. 

• Inability  to  predict  azimuth  of  the  fracture  plane. 
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FRACTURE  BY  DIRECT  SHEAR  LOAD 


The  technique  used  to  fracture  samples  by  the  application  of  a direct 
shear  load  is  shown  in  schematic  form  in  Figure  4.  Figure  5 is  a photograph 
of  the  test  machine  with  a sample  mounted  in  place. 

The  ultrasonic  transducers  (500  KHz,  PZT-5)  are  bonded  to  the  sample, 
one  set  for  the  P-wave  and  one  set  for  the  S-wave.  The  displacement  trans- 
ducer mounting  rings,  shown  in  Figure  6,  are  secured  to  the  rock  with  epoxy 
glue.  The  sample  is  held  in  the  shear  boxes  with  hydrostone  grout.  The  true 
horizontal  displacement  is  obtained  by  taking  the  diffe>^ei^ce  in  the  displace- 
nenc  of  the  average  response  for  the  two  transducers  mounted  to  the  rings 
on  either  side  of  the  sample.  To  help  insure  that  fracture  occurs  in  the  zone 
between  the  rings,  the  sample  is  notched  by  a shallow  saw  cut  around  the 
circumference.  Figure  6 shows  a sample  that  has  been  sheared.  The  test 
machine  shown  in  Figure  5 is  capable  of  applying  a normal  force  of  120,000 
pounds  and  a shear  force  of  20,000  pounds.  Both  actuators  are  servocon- 
trolled,  with  displacement  feedback  for  the  shear  load  and  load  feedback 
for  the  normal  load. 

All  loads  and  displacements  are  recorded  and  stored  digitally  in  a 
PDP-11  multi-user  data  acquisition  system.  Computer  programs  have  been 
written  to  correct  for  transducer  nonlinearities. 
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Figure  6. 

Tuff  Sample  in  Shear  Box  After  Being  Sheared 
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TEST  RESULTS  AHU  CONCLUSIONS 


A total  of  six  samples  were  fractured  by  the  application  of  a direct 
shear  load.  The  P-wave  and  S-wave  velocities  versus  in  plane  horizontal 
displacement  are  shown  in  Figures  7 through  12.  All  tests  were  run  with 
a normal  (axial)  load  of  1000  psi,  with  the  exception  of  the  test  shown  in 
Figure  8 where  the  load  was  500  psi. 

In  Figures  8,  9 and  10  the  vertical  displacement  (displacement  in  the 
plane  of  the  axial  stress)  is  plotted  along  with  the  velocities.  These 
results  clearly  show  the  opening  up  of  the  fracture  zone  (dilation)  and  the 
correspohdi ng  decrease  in  velocities. 

In  two  of  the  tests.  Figures  7 and  11,  the  P-wave  signals  were  lost 
before  the  samples  fractured.  This  was  attributed  to  the  loss  of  trans- 
ducer to  sample  bond  because  of  the  shear  stress  applied  directly  to  the 
transducer  through  the  hydrostone.  In  all  subsequent  tests  the  transducers 
were  isolated  from  the  hydrostone  by  a thin  layer  of  soft  rubber. 

In  all  tests,  where  the  ultrasonic  signal  was  maintained,  the  P-wave 
and  S-wave  both  showed  a decrease  in  velocity  upon  the  onset  of  fracture. 

The  overall  change  in  the  P-wave  velocity,  in  most  cases,  exceeded  the  change 
in  the  S-wave;  the  maximum  drop  was  25  percent  for  the  P-wavc  compared  to 
10  percent  for  the  shear  wave.  This  suggests  that  a measure  of  the  change 
in  P-wave  velocity  would  be  the  most  sensitive  indication  of  fracture.  How- 
ever, some  of  the  data  also  suggests  that  a measure  of  the  change  in  the 
S-wdve  velocity  might  be  a better  early  indicator  of  fracture,  because  several 
tests  show  a decline  in  S-wave  velocities  in  advance  of  the  change  in  the 
P-wave  veloci ties . 

The  test  on  the  sample  with  the  lowest  bulk  density  (Figure  l2)  snowed 
very  little  change  in  velocities  as  it  was  sheared.  This  implies  that  the 
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A total  of  six  samples  were  fractured  by  the  application  of  a direct 
shear  load.  The  P-wave  and  S*wave  velocities  versus  in  plane  horizontal 
displacement  are  shown  in  Figures  7 through  12.  All  tests  were  run  with 
a normal  (axial)  load  of  1000  psi,  with  the  exception  of  the  test  shown  in 
Figure  8 wnere  the  load  was  500  psi. 

In  Figures  8,  9 and  10  the  vertical  displacement  (displacement  in  the 
plane  of  the  axial  stress)  is  plotted  along  with  the  velocities.  These 
results  clearly  show  the  opening  up  of  the  fracture  zone  (dilation)  and  the 
correspondi ng  decrease  in  velocities. 

In  two  of  the  tests.  Figures  7 and  11,  the  P-wave  signals  were  lost 
before  the  samples  fractured.  This  was  attributed  to  the  loss  of  trans- 
ducer to  sample  bond  because  of  the  shear  stress  applied  directly  to  the 
transducer  through  the  hydrostone.  In  all  subsequent  tests  the  transducers 
were  isolated  from  the  hydrostone  by  a thin  layer  of  soft  rubber. 

In  all  tests,  where  the  ultrasonic  signal  was  maintained,  the  P-wave 
and  S-wave  both  showed  a decrease  in  velocity  upon  the  onset  of  fracture. 

The  overall  change  in  the  P-wave  velocity,  in  most  cases,  exceeded  the  change 
in  the  S-wave;  the  maximum  drop  was  25  percent  for  the  P-wave  compared  to 
10  percent  for  the  shear  wave.  This  suggests  that  a measure  of  the  change 
in  P-wave  velocity  would  be  the  most  sensitive  indication  of  fracture.  How- 
ever, some  of  the  data  also  suggests  that  a measure  of  the  change  in  the 
S-wave  velocity  might  be  a better  early  indicator  of  fracture,  because  several 
tests  show  a decline  in  S-wave  velocities  in  advance  of  the  chanqe  in  the 
P-wave  velocities. 

The  test  on  the  sample  with  the  lowest  bulk  density  (Figure  12)  showed 
very  little  change  in  velocities  as  it  was  sheared.  This  implies  that  the 
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use  of  ultrasonics  as  a tool  to  detect  at)  increase  in  fracture  density 
might  be  limited  to  those  zones  in  the  ash-. all  tuff  where  the  material  is 
fairly  competent. 

Another  point  that  should  be  made  is  the  usual  increase  in  the  velo- 
cities of  the  material  with  the  application  of  the  axial  load.  In  the  case 
of  the  low  density  sample  (Figure  12)  the  change  in  the  P-wave  velocity  on 
application  of  normal  load  is  greater  than  9 percent  due  to  pronounced  com- 
paction. This  indicates  a need  to  simulate  '•  • pressures  during  labora- 

tory measurement  on  extremely  low  density  material. 
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Figure  7 


Figure  8 


P-  and  S-wave  velocities  vs.  shear  displacement,  sample  U12n.l0 
UG#1 , 593  ft.,  p=2.10  gm/cm^,  axial  load=1000  psi  (circled  points 
are  velocities  measured  before  the  application  of  axial  load). 


P-  and  S-wave  velocities  and  vertical  (axial)  displacement  vs. 
shear  displacement,  sample  U12n.l0  UG?1 , 824  ft.,  n=2.08  gm/cm' 
axial  load=500  psi  (circled  points  are  velocities  measured  before 
the  application  of  axial  load). 
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Fi gure 


Figure 


HORIZONTAL  OISPLflCtMENT  ( lnc^e^) 


9.  P-  and  S-wav(  velocities  and  vertical  (axial)  displacement  vs. 
shear  displat ement,  sample  U12n.l0  UG#1 , 1149  ft.,  p=1.92  gm/cm^, 
axial  load=1000  psi  (circled  points  are  velocities  measured  before 
the  application  of  axial  load). 


10.  P-  and  S-wave  velocities  and  vertical  (axial)  displacement  vs. 

shear  displacement,  sample  U12n.l0  UG?1  , 1276  ft.,  .=1.85  gm/cm^, 
axial  load=1000  psi  (circled  points  are  velocities  measured  before 
the  application  of  axial  load). 


p-WAVE 


.02  .03  .04 

HORIZONTAL  DISPLACEMENT  (incflw) 


Figure  11.  P-  and  S-wave  velocities  vs.  shear  displacement,  sample  U12t.03 
UG#3,  953  ft.,  0=1.86  gm/cm’^,  axial  load=1000  psi  (circled  points 
are  velocities  measured  before  the  application  of  axial  load). 
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P-  and  S-wave  velocities  vs.  shear  displacement,  sample  U12t.03 
UG«3,  1067  ft.,  ,=1.77  gm/cm^,  axial  1oad=1000  psi  (circled  points 
are  velocities  measured  before  the  application  of  axial  load). 
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ULTRASONIC  VELOCITY  MEASUREMENT  TECHNIQUE 

The  technique  used  to  measure  the  ultrasonic  velocities  is  the 
"Ttirough  Transiriission  System"  sliown  in  block  diagram  form  in  Figure  A1 . 

Figure  A2  shows  the  equipment  that  is  used.  This  is  an  adaptation  of  the 
technique  introduced  by  Mattaboni  and  Schreiber  [1965],  The  main  advantage 
of  this  technique  is  the  ability  to  measure  small  elapsed  times  to  a high 
degree  of  accuracy.  The  time  measurement  is  derived  from  the  frequency  of 
a very  stable  frequency  synthesizer  (stability  ‘ 1 part  in  10^/mo,  accuracy 
■ .001  ). 

The  signal  through  the  specimen  is  viewed  on  the  oscilloscope,  alter- 
nately with  the  signal  from  the  variable  frequency  synthesizer  after  it  has 
passed  through  a shaper.  The  shape  of  the  latter  is  adjusted  for  an  exact 
match  of  the  first  arrival  of  the  wave  through  the  specimen.  The  pulse  that 
excites  the  transmitting  transducer  is  next  viewed  and  its  shape  matched  to 
that  of  the  shaped  signal  from  the  frequency  synthesizer  (comparison  wave). 
Once  the  shapes  are  all  the  same,  the  frequency  of  the  synthesizer  is  adjusted 
for  an  exact  number  of  cycles  between  the  transmitted  signal  and  the  signal 
through  the  specimen.  The  transit  time  of  the  ultrasonic  wave  through  the 
material  is  obtained  by  dividing  the  cycles  by  the  frequency.  A photograph 
of  an  oscilloscope  display  is  shown  in  Figure  A3.  The  lower  trace  is  the 
comparison  wave  matched  to  the  signal  through  a specimen.  The  upper  trace 
shows  the  initial  signal  matched  to  the  comparison  wave.  In  this  example 
there  were  twelve  cycles  of  comparison  wave  between  the  initial  signal  and 
the  signal  through  the  specimen.  The  frequency  synthesizer  setting  was 
.3542  MHz,  the  elapsed  time  was  therefore  33.879  psec.  To  obtain  the  velo- 
city of  the  acoustic  wave  in  the  specimen  it  is  necessary  to  divide  the  path 
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length  by  the  elapsed  time.  Because  of  the  difference  in  the  inherent 
delay  in  the  electrical  and  acoustic  paths,  it  is  necessary  to  determine 
the  correction  using  a reference  sample. 

The  binary  divider  is  required  in  order  to  operate  the  pulse  generator 
at  a repetition  rate  that  allows  all  of  the  ultrasonic  wave  energy  to  dis- 
sipate between  pulses.  This  requires  the  oscilloscope  to  be  triggered  from 
the  pulse  generator  in  order  to  maintain  the  proper  display. 
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Figure  A2.  Equipment  Used  to  Make  Ultrasonic  Velocity  Measurements. 

1 - Amplifier  5 - Attenuator  & Pulse  Shaper 

2 - Pulse  Generator  6 - Specimen  Holder 

3 - Frequency  Synthesizer  7 - Oscilloscope 

4 - Pulse  Shaper  & Binary  Divider 


Oscilloscope  display  showing  the  comparison  wave  and  the  signal  through  a 
specimen  in  the  lower  trace  and  the  comparison  wave  and  the  initial  signal 
in  the  upper  trace. 


Figure  A3. 
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SUMMARY 


Material  properties  were  evaluated  for  tuff  cores  retrieved  both  prior 
and  after  nuclear  events  at  the  Nevada  Test  Site.  Core  locations  ranged 
for  radial  distances  of  0 to  500  feet  from  the  working  points.  Some  per- 
manent material  properties  changes  were  suggested.  These  chanaes,  however, 
were  insufficient  to  chanoe  site  evaluation  with  respect  to  containment. 
Based  on  the  data,  further  analysis  of  the  "two-in-one-concept"  is 


warranted . 
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INTRODUCTION 


There  is  continual  need  for  reducinq  underground  nuclear  test  costs. 

Among  the  major  cost  reductions  proposed  is  a concept  of  using  common 
line-of-site  pipe  equipment  for  two  or  more  nuclear  events  (referred  to  as 
the  "two-in-one-concept").  The  chosen  configuration  would  insure  contain- 
ment of  both  events  and  optimize  common  equipment  usage  such  as  cable  alcoves, 
gas  seal  doors,  etc.  The  most  logical  tunnel  layout  is  one  in  which  the 
second  nuclear  event  is  placed  several  hundred  feet  in  the  portal  direction 
from  the  first  nuclear  event. 

Since  nuclear  containment  is  a major  consideration  in  the  Rainier  ‘-lesa, 
the  first  step  in  evaluating  this  "two-in-one-concept"  is  to  insure,  in 
the  early  stages  of  planning,  containment  of  the  second  event.  Previous 
site  evaluaters  have  asked  the  question^  --  "What  are  the  media  properties 
and  conditions  near  the  proposed  working  point?"  It  is  now  necessary  to 
ask  "What  are  the  media  properties  and  conditions  near  the  site  of  a pre- 
viously executed  event?"  This  latter  question  prompted  the  present  work. 

Me_di a Properties  Near  Previous  Nuclear  E vejits : 

A review  of  part  nuclear  stress  histories.  Figure  1,  (note:  the  "range" 
axis  in  Figure  1 is  not  meters  --  peak  stress  is  only  obtainable  knowing  the 
kiloton  magnitude  of  the  event)  indicated  that  150  meters  (500  feet)  was 
the  maximum  distance  that  any  relevant  media  changes  could  be  expected. 
Imaginary  150  meter  radius  spheres  were  therefore  placed  around  each  of 
four  past  working  points  --  U12n.05,  U12e.l4,  U12n.07  and  U12n.08  --  and 
all  preshot  and  postshot  core  sample  data  within  these  spheres  were 
gathered  for  analysis. 
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Figure  1. 


Upper  and  lower  bounds  of  peak  stress  from  underground 
nuclear  explosions  in  tuff2,3_ 


277 


Material  properties  for  the  four  events  were  determined  primarily  by 
Terra  Tek  with  some  prooerties  obtained  by  Holmes  and  Narver,  United  States 
Geolooical  Survey  (Special  Projects  Branch,  Denver,  Colorado)  and  Nevada 

4 

Testing  Laboratories.  Mr.  Cliff  Snow  accumulated  all  of  the  preshot  data 
from  previous  containment  packages;  postshot  data  vjas  available  in  Terra 
Tek  reports. 

Selection  of  the  materi  1 properties  to  be  included  in  the  comparisons 
was  based  on  past  containment  evaluation.  Experience  indicated  a combina- 
tion of  material  properties  was  required,  these  being; 

--  as-received  density 
--  dry  density 
--  grain  density 
--  total  porosity 
--  water  content 
--  saturation 

--  calculated  air  void  content 
--  ultrasonic  longitudinal  velocity 
--  ultrasonic  shear  velocity 

--  permanent  compaction  from  hydrostatic  compression  tests  to 
4 kilobars 

--  permanent  comoaction  from  uniaxial  strain  tests  to  4 kilobars 
confining  pressure 

--  stress  difference  at  4 kilobars  confining  pressure  during 
uniaxial  strain  loading 
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DATA 


Data,  both  preshot  and  postshot,  were  obtained  on  cores  from  horizontal 
and  vertical  drill  holes  in  areas  U12n.05,  U12e.l4,  U12n.08  and  U12n.07. 
Table  1 contains  a full  listinq  of  the  drill  holes. 


TABLE  1 

Drill  Holes  From  Which  Core  Sample  Data  Was  Retrieved 


Ul_2n, 

■P_5 

Area 

U12n, 

.05 

UG  #1 

a 

U12n, 

.05 

Pipe 

Drift  Samples 

U12n, 

.05 

Bypas 

s Drift  Samples 

U12n, 

.05 

UGi<l 

U12n. 

,05 

UG#2 

U12n. 

,05 

UG/^4 

U12n, 

,05 

UG#5 

U12n. 

,05 

UG#6 

U12n, 

.05 

UG47 

U12n. 

,10 

UG#1 

(postshot) 

Ul_2_n_. 

,08 

Area 

U12n,05  UG#8 
U12n.08  UGJig 
lli2n.08  UGi^9a 
Lll2n.08  UG#10 
U12n.08  UG«11 
U12n.08  Gauge  hole  Y-2 
UE12n  ii2 

U12n.08  RE#1  (postshot) 
U12n.08  RE^2  (postshot) 


Uj.2_e_.  ArM 

U12e.l4  UG-na 

U12e.l4  UG*2 

U12e.l4  UG*2a 

U12e.l4  UGi^3 

U12e.l4  UG^‘4 

U12e.l4  UG*5 

U12e.l4  UG»6 

U12e.l4  UG*7 

U12e.l4  UG»8 

U12e.l4  UG^9 

U12e.l4  UG^ll 

U12e.l4  RE*!1  (postshot) 

U12e.l4  RE#2  (postshot) 

U12e.l4  RE*4  (postshot) 

UJ_2_n . 07_  ^rM 
U12n.07  UG*1 
U12n.07  UG#2 
U12n.07  UG!?3 
U12n.07  UG<*8 
'J12n.07  UG^9 

U12n.07  UG#12  (postshot) 
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Cateoorization; 


Cores  were  initially  categorized  by  straiqht-1 ine  distance  to  the  work- 
ing point.  They  were  further  grouped  according  to  geolooic  layers,  desio- 
nated  by  units  and  sub-units  such  as  3A,  3BC,  4AB,  4CDE,  4J,  etc.  Three 
basic  "rock  types",  namely  ash-fall  tuff,  reworked  tuff  and  tuffaceous 
sandstone  exist  within  these  units  and  sub-units.  Each  individual  core 
sample  was,  therefore,  assigned  a "rock  unit"  and  "rock  type". 

Comparisons; 

The  core  sample  designations,  working  point  distances,  material  pro- 
perties, lithology  and  test  laboratory  codes  were  stored  in  the  Terra  Tek 
Digital  PDP  LAB-11  computer.  Figure  2 shows  a portion  of  the  comnuter  data 
with  explanations  for  each  column.  The  entire  list  of  data  is  not  included 
in  this  report  but  is  available  upon  request. 

Once  the  data  was  categorized,  computer  programs  were  written  to  screen 
and  output  the  data.  In  this  way,  individual  plots  could  be  made  for  selected 
material  properties  (i.e.,  as-received  density,  water  content,  etc.)  versus 
the  radial  distance  from  the  working  point,  with  distinction  between  pre- 
shot (diamonds)  and  postshot  (crosses).  Radial  intervals  could  be  varied 
in  order  to  review  the  plots  in  detail.  Further  subdivision  to  reflect  the 
various  rock  units  and  rock  types  was  also  possible. 

An  example  of  these  data  plots  is  shown  in  Fiaure  3.  The  as-received 
density  has  been  plotted  as  a function  of  radial  distance  from  the  working 
point  (0-500  feet).  The  rock  units  (4AB,  4CD,  etc.)  have  been  combined. 

In  the  three  plots,  the  data  has  been  subdivided  into  three  rock  types  -- 
ash-fall  tuff  (Figure  3a),  reworked  ash-fall  tuff  (Figure  3b)  and  tuffaceous 
sandstone  (Fioure  3c). 

All  of  the  material  properties  listed  in  Figure  2 are  plotted  in  Figure 
3 and  in  the  appended  figures.  Only  a portion  of  the  total  plots  generated 
are  included. 
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Tnis  e*ar"plp  is  pre^not.  Post^bot  data  Pave  an  asterisk  preccdinr;  the 
area  and  drill  hole  desionat lor . 

1 - Bed  S 4 - Bed  4h  ' *■  Bed  -'f  10  > Bed  4hB  13  - Bed  2 

■’  - Bed  4v  5 - Bed  4c,  fi  . Bed  4CDL  11  - Bed  3BC  14  • Bed  3D 

3 - Bed  4J  6 - Bed  4F  0 - Bed  40D  Ic  - Bed  3A 

1 - asnfall  t.jff  2 - reworked  3 • tuf^acenus  sandstone  4 - gelded  tuff 

Figure  O'  indicates  no  data  was  available. 

1 - Terra  Tpk,  Inc.  2 - *JatprwavS  E«nerinont  Station  3 - Nevada  Testing 
Laboratories  4 - United  States  fieolooical  Survey  5 - Holmes  and 
Narver  Test  lab 


Figure  2.  Example  of  computer  data. 
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S- RECEIVED  DENSITY 


DISCUSSION 


In  reviewing  and  analyzing  the  data  plots  and  averages,  the  questions 
needed  to  be  answered  viere  "What  magnitudes  of  change  are  relevant  to  con- 
tainment evaluation?"  and  "Can  these  changes  be  resolved  in  this  analysis?". 
The  former  question  was  addressed  first  since  the  answer  would  indicate 
wha^  to  look  for  in  the  preshot-postshot  comparisons. 

All  of  the  material  properties  included  in  this  analysis  have  been 
used  as  an  indicator  of  the  media's  ability  to  contain  the  nuclear  test. 
Expected  low  and  high  values  for  the  media  properties  are  listed  in 
Table  2. 


TABLE  2 

Expected  Low  and  High  Values  for  Tough  Media  Properties 


Property 

Typical  , 
Low  & High 
Values 

As-received  density 

1.75-2.05  gm/cc 

Dry  density 

1 .40-1 . 70  gm/cc 

Grain  density 

2.30-2.50  gm/cc 

Total  porosity 

30-40  percent 

Water  content  by  wet  weight 

15-25  percent 

Saturation 

90-100  percent 

Calculated  air  void  content(by  total  volume) 

0-2  percent 

Permanent  compaction  from  hydrostatic 
compression  test  to  4 kb 

0-2  percent 

Permanent  compaction  from  uniaxial  strain 
test  to  4 kb  lateral  stress 

0-2  percent 

Ultrasonic  longitudinal  velocity 

7500-11,000  ft/sec 

Ultrasonic  shear  velocity 

3500-6000  ft/sec 

Stress  difference  at  4 kilobars  confining 
pressure  during  uniaxial  strain  loading 

0.1-1 .0  kilobars 

I 


Containment  evaluation  is  based  on  a combination  of  the  properties. 
Example:  a core  sample  showinq  an  as-received  density  of  1.70  qm/cc,  which 
is  out  of  the  expected  range,  would  suggest  a hinh  porosity.  Further  test- 
ing, however,  indicated  an  ultrasonic  longitudinal  velocity  of  9000  ft/sec, 
a high  water  content  and,  most  importantly,  a "permanent  volume  compaction" 
of  1.5  percent  by  volume.  Properties  such  as  as-received  density,  water 
content,  and  sound  velocities  (ultrasonic,  sonic  and  seismic)  are  measured 
and  reviewed  as  they  often  times  will  indicate  the  existence  of  tuff  with 
a high  GFVC.  That  property  --  the  OFVC  of  the  In  situ  material  --  is 
viewed  most  critical  as  it  has  been  shown  to  have  a direct  affect  on  con- 

5 

tainment  . The  most  consistent  method  to  date  for  an  indication  of  the 
GFVC  is  to  conduct  a uniaxial  strain  test  and  measure  the  permanent  volume 

r 

compaction”.  The  range  of  acceptable  values  for  the  GFVC  is  from  0 (100 
percent  saturation)  to  about  2 percent  by  volume.  The  upner  limit  (2  per- 
cent) is  simply  a rule  of  thumb^  and  GFVC's  greater  than  2 percent  can  be 
acceptable  in  view  of  factors  such  as  lithology,  fault  zones,  volume  of 
material,  relation  to  working  point,  etc. 

There  are  over  3500  individual  data  points  in  the  computer,  70  percent 
preshot  and  30  percent  postshot  data.  The  oreshot  data  is  concentrated 
in  the  0 to  300  foot  range  while  the  postshot  data  is  from  about  200  to  500 
feet.  The  preshot  data,  however,  need  not  be  a function  of  the  distance 
from  the  working  point  and  can,  therefore,  be  compared  to  the  200  to  500 
foot  postshot  range.  The  plots  shown  in  Figure  3 (and  the  appendix)  were 
produced  to  allow  a review  for  obvious  differences  and  trends  between  the 
preshot  and  postshot  data  as  a function  of  radial  distance.  The  plots  give 
excellent  insight  into  the  data  scatter  and  where  to  look  in  more  detail. 
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Physical  Property  Charujes: 


As  seen  in  the  plots,  there  is  little  noticeable  difference  between 
preshot  and  postshot  data.  One  reqion,  200  to  300  feet  from  the  workinq 
point,  did  show  some  lower  than  usual  as-received  densities  and  higher 
than  usual  porosities.  In  order  to  study  this  range  more  closely,  it  was 
necessary  to  eliminate  as  many  variables  as  possible.  That  is,  for  the 
detailed  comparisons  to  be  meaningful,  it  was  essential  that  they  be  made 
between  samples  of  the  same  rock  units  and  rock  types. 

"“he  computer  averaging  routine  was  capable  of  selecting  samples  as  a 
function  of  rock  unit,  rock  type  and  radial  distance  from  the  working  point 
with  distinction  between  preshot  and  postshot.  Table  3 shows  a number  of 
averages  obtained  for  studying  the  200  to  300  foot  range.  Note  the  close- 
ness of  the  preshot  to  postshot  data  averages  in  the  ranges  25  to  200  feet 
and  300  to  450  feet.  In  the  200  to  300  foot  (bed  4AB)  and  250  to  300  foot 
(bed  4F)  ranges  there  are  differences.  The  data  indicates  that  even  though 
the  densities  are  low  and  oorosities  are  high  in  the  200  to  300  foot  range, 
the  gas-filled  void  content  decreased  from  an  average  of  2.5  percent  to  1.1 
percent  by  volume.  It  would  suggest  that  void  space  was  created  and  sub- 
seguently  filled  with  water,  which  is  possible,  but  unlikely.  Obviously, 
trends  and  changes  need  to  be  based  on  averages  for  a larger  number  of  data 
points . 

TABLE  3 

Selected  Preshot  and  Postshot  Material  Property  Averages 


f'Pf  SHOT 


28/ 


Mec h a n i ca 1 P r ope r ty  C h an qe s : 


Normally  strength  refers  to  the  triaxial  compression  shear  strength 
of  samples.  There  v/as,  however,  a lack  of  available  triaxial  compression 
failure  data.  Recent  observations  of  the  uniaxial  strain  test  stress 
difference  data  indicate  that  it  can  be  used  to  give  an  estimate  of  the 

O 

relative  magnitudes  of  shear  strength  . Since  there  have  been  quite  a 
number  of  uniaxial  strain  tests  conducted,  it  was  this  value  (stress  differ- 
ence at  4 kilobars  confining  pressure)  which  was  included  in  this  analysis. 

As  shown  in  Table  3,  the  postshot  material  appears  to  be  lower  in 
strength.  However,  as  shown  in  Figure  4,  it  is  not  uncommon  to  see  large 
changes  in  the  material  strength  of  virgin  tuff  over  tens  of  feet.  Addi- 
tional data  is  required  before  drawing  conclusions  on  the  shear  strength 
of  the  postshot  material. 


0 roo  200  300  400  500 

RADIAL  DISTANCE  FROM  W P (FT) 


Figure  4.  Stress  difference  at  4 kilobars  confining  pressure 
during  uniaxial  strain  testing. 
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CONCLUSIONS 


ReqardinQ  trends  and  changes  as  a function  of  distance  from  the  work- 
inq  point,  there  was  some  indication  of  changes  in  the  200  to  300  foot  range 
but  these  were  based  on  very  limited  data.  Most  imoortantly,  the  changes 
were  not  of  the  magnitude  which  would  be  detrimental  to  the  containment 
of  subsequent  nuclear  events.  Isolated  postshot  samples  appear  which  show 
low  densities,  low  velocities,  high  gas-filled  void  contents,  etc.,  but 
they  are  no  more  prevalent  in  postshot  cores  than  are  seen  in  preshot 
cones . 

In  more  detail,  there  are  indications  that  the  strength  of  the  tuff 
may  have  been  decreased  (20  to  50  percent)  over  the  complete  ranae  of  post- 
shot data  ( 200  through  500  feet).  Within  the  200  to  300  foot  range,  some 
postshot  data  showed  lower  densities,  higher  porosities  but  lower  gas-filled 
void  contents. 

It  is  recommended  that  the  data  base  be  continually  undated  to  allow 
additional  comparisons  as  events  are  executed.  Emphasis  should  be  placed 
on  sampling.  Preshot  sampling  has  previously  been  concentrated  around  the 
working  point  (out  to  200  to  300  feet)  while  postshot  sampling  cannot 
usually  be  closer  than  200  feet  from  the  working  point.  More  meaningful 
comparisons  could  be  realized  if  preshot  core  samples  were  taken  near 
expected  re-entry  hole  locations  (within  distances  of  feet  to  eliminate 
rock  unit  and  rock  type  variations). 


-I 
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PREFACE 


F 


Discussions  with  Joe  LaCotnb,  DNA  Field  Command,  and  inquiries  from 
those  doing  calculations  for  design  for  tunnel  structures  in  the  tuffs 
have  lead  to  consideration  of  "Angle-of-Internal-Friction  Models".  That 
is.  Terra  Tek  is  called  upon  to  provide  the  angle-of-internal -friction 
for  the  tunnel  bed  tuffs  to  be  used  presumably  in  a Coulomb  model  relating 
shear  stress  and  normal  stress  at  failure.  Intuitive  reasoning  as  well  as 
data  available  indicate  the  ambiguity  related  to  any  estimate  of  angle-of- 
internal  -friction  for  the  intact  tuffs.  This  brief  write-up  is  an  attempt 
to  clarify  the  angle-of-internal -friction  model  for  the  tuffs  and  to  help 
suggest  what  tests  might  be  most  suited  to  provide  an  adequate  model. 
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INTRODUCTION 


In  compression,  granular  materials  like  soils  fail  in  shear.  From 
the  stresses  at  failure,  the  shear  and  normal  stresses,  r and  o respec- 
tively, can  be  calculated.  Typically  for  soils\  shear  and  normal  stresses 
at  failure  are  related  by 

T = Tq  + (1) 

where  r and  p are  constants,  t is  the  so-called  cohesion  and  p the 
0 o 

coefficient  of  internal  friction,  or  the  arc  tangent  of  the  angle-of- 
internal-friction  n-  Ideally,  granular  material s are  cohesionless,  i.e. 

= 0.  Siri’ilarly  for  ideally  cohesive  media  the  angle-of-internal - 

friction  is  zero.  This  linear  relationship  between  t and  c is  equivalent 

n 

to 


Oi  = a 03  + b (2 ) 

and  to 

Op  = c 03  + b (3) 

where  a,  b and  c are  constants,  oj  is  the  maximum  and  03  the  least  compressive 
stresses,  respectively;  is  ^'he  stress  difference,  oi-oj.  If  (1)  is  linear 
for  a particular  material,  then  (2)  and  (3)  will  also  be  linear.  These  are 
standard  concepts  in  soil  mechanics,  where  (1)  is  called  the  Coulomb  Law.  Fig- 
ure 1 depicts  Equation  1 as  the  envelope  to  the  Mohr's  circles  for  the  ultimate 
strength  of  a rock  under  different  stress  states.  Individual  circles  are 
derived  from  the  maximum  stress  (oj)  and  minimum  stress  (03)  at  failure  in  a 
single  test.  The  individual  circles  are  centered  at  (oj  + 03)72  wit"  radius 
(oi  - ,3)72. 
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How  valid  are  these  ideas  for  rocks?  Is  there  such  a thing  as  a 


coefficient  of  internal  friction  (angle-of-internal-friction)  for  a 
rock?  We  will  briefly  discuss  these  questions  below  and  also  give  some 
indication  of  the  role  of  (a)  intermediate  principal  stress,  (b)  pore 
pressure,  (c)  initial  anisotropy  (preexisting  fractures),  (d)  in  situ 
stress,  and  (e)  effect  of  measurement  technique. 


NONMAL  ITACit 


Figure  1.  Typical  Mohr  envelope  for  ultimate  strength  of  rock.  Mohr 
stress  circle  with  diameter  (oi  - 03)72  and  center  at  (oj  + 03)/?  gives 
values  of  shear  stress,  t,  and  normal  stress,  Or^,  on  planes  inclined  at 
angles  ± 2e  to  direction  of  oi.  Mohr  envelope  tangent  to  series  of 
circles  from  data  of  triaxial  compression  tests  gives  values  of  cohesive 
strength,  t , from  zero  normal  stress  intercept  and  coefficient  of  inter 
nal  frictiof^,  tan  n,  from  slope.  At  tangent  points  0 = i45  t '\I2. 
Envelope  curves  toward  a -axis,  showing  that  tan  n is  not  necessarily 
constant.^ 


GENERAL  APPLICABILITY  TO  ROCKS 


To  begin  with,  failure  of  rocks  is  more  complicated  than  failure  of 
2 3 

soils  ’ . Consider  the  suite  of  stress-strain  curves  for  limestone  in 
Figure  2.  At  low  effective  pressures,  stress  first  peaks  and  then  falls  to  a 
lower,  or  residual  value.  At  the  peak  stress  a fault  or  fracture  is  formed; 
at  the  residual  stress  the  two  parts  of  the  fault  slide  on  one  another.  The 
residual  stress,  therefore,  is  a measure  of  frictional  resistance  of  the 
fault  to  sliding. 

If  the  peak  and  residual  values  for  one  rock  at  different  confining 
pressure  are  compared  (Figure  3)  two  curves  result,  one  for  fracture  and 
one  for  frictional -si iding.  Here  a is  the  normal  stress  on  the  fracture 
and  is  not  the  principal  stress  as  seen  in  Figure  1.  The  results  shown 


Figure  2.  The  effect  of  pore-pressure  on  the  brittle-ductile  transition  in 
limestone  at  a confining  pressure  of  10  kpsi.2 
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in  Figure  3 indicate  that  the  frictional-si iding  shear  strength  is  always 
less  than  or  equal  to  fracture  strength  (frictional-sliding  shear  strength 
is  zero  at  zero  confining  pressure). 

From  Figure  3 the  ambiguity  of  the  failure  stress  for  rocks  is 
apparent.  If  we  take  failure  to  mean  the  maximum  stress  which  can  be 
maintained  in  a particular  rock  mass,  then  this  maximum  will  depend  on 
whether  the  rock  is  already  fractured  or  not  and  the  nature  of  the  fracture. 
If  the  rock  mass  is  intact  the  upper  curve  in  Figure  3 will  likely  apply 

4 

for  the  initial  loading  ; if  the  rock  mass  is  already  fractured,  then  the 
failure  stress  will  be  lower.  It  should  be  noted  that  slip  of  large  blocks 
within  a jointed  rock  mass  is  probably  not  represented  by  the  lower  curve 
since  block  interaction  due  to  combined  sliding  on  two  intersecting  inclined 
failure  planes  (joints  or  faults)  complicates  the  mode  of  failure  ’ . 

The  failure  curves  in  Figure  3 have  the  same  general  form  as  the 
Coulomb  law  (Figure  1)  but  the  fracture  curve  is  very  nonlinear.  Fracture 
curves  of  four  other  rocks  are  given  in  Figure  4 where  it  can  be  seen  that 
they  are  also  decidely  nonlinear.  The  frictional -si iding  curves  are  not 
available  for  these  rocks,  but  for  most  rocks  they  are  closer  to  being 
linear,  as  suggested  by  the  lower  curve  in  Figure  3.  For  frictional-sliding 
Byerlee^  has  found  the  slope  p has  a relatively  small  range  from  about  .55 
to  .65,  more  or  less  indepent  of  mineralogy.  Presumably  these  values  are 
equivalent  to  the  coefficient  of  internal  friction  as  defined  by  the 
Coulomb  law  for  soils. 

The  applicability  of  the  Coulomb  law  is  less  clear  for  intact  rock, 
inasmuch  as  the  failure  curves  for  intact  rock  (Figure  4)  are  nonlinear. 

One  way  around  this  nonlinearity  is  to  consider  only  a limited  range  of 
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confining  pressure.  In  Figure  4,  for  example,  the  failure  curves  for 
Mixed  Company  sandstone,  granite  and  shale  are  nearly  linear  up  to  a 
pressure  (03)  equal  to  the  unconfined  compressive  strength,  C^.  Over 
that  limited  range  we  can  define  a slope  which  might  be  called  an 
angle-of-internal-friction.  As  seen  in  Figure  4,  this  slope  varies 
considerably  from  one  rock  to  another  (quite  differently  than  the  relatively 
constant  value  of  the  angle-of-internal-friction  for  frictional-sl iding). 
This  is  seen  in  another  way  in  Figure  5 which  is  a compilation  of  fracture 


5 10  15 

normal  STRESS,  (Kilobors) 


Figure  3.  Fracture  shear  strength  and  frictional  shear  y 

strength  versus  normal  stress  for  westerly  granite. 
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A comparison  between  the  measured 
of  rock  and  various  failure  crite 


^ r Considerations  A ff  e_c  ^ jt3_  t Angle-of-Internal  - Friction 

7 8 9 

Intennediate  Principal  Stress  02:  Byerlee  , Mogi  , Green,  et  al  , 

10  11 

Swanson  and  Christensen,  et  al  have  shown  that  the  effect  of 
02  on  the  fracture  stress  is  small  and  on  the  frictional -si iding  stress 
negligible.  For  example,  fracture  strength  is  as  much  as  10  percent 
higher  when  02  = 03;  the  effect  on  the  slope  of  the  fracture  curve  is 
even  less  noticeable  for  the  one  or  two  rocks  for  which  this  has  been 
investigated. 

Pore  Pressure:  The  fracture  strength  of  saturated  rocks  is  considerably 

reduced  in  comparison  to  the  dry  rock  strength  even  though  the  presence  of 
fluids  per  se  has  little  effect  on  the  frictional -si iding  coefficient.  Addi- 
tionally, elevated  pore  fluid  pressure  is  known  to  have  significant  effect 
on  fracture  stress  (see  Figure  2)  but  its  effect  on  frictional -si iding  is 
unclear.  The  fracture  stress  has  been  found  to  be  a function  of  the  least 
effective  stress.  Therefore,  other  things  being  constant,  an  increase  in  the 
pore  pressure  will  result  in  an  increase  in  the  apparent  (fracture)  coefficient 
of  internal  friction.  This  will  probably  not  be  the  case  with  frictional- 
sliding  shear  strength,  for,  as  noted  above,  its  slope  is  not  very  dependent 
on  the  normal  stress,  o . 
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Initial  Anisotropy:  Since  most  sedimentary  and  metamorphic  rocks 

are  anisotropic,  the  effect  of  anisotropy  on  failure  is  of  importance. 
Determination  of  the  mode  of  failure  requires  knowledge  of  the  orientation 
of  the  principal  stresses  to  the  principal  material  directions.  Little 
experimental  work  has  been  performed  to  delineate  the  complete  failure 
surface  for  anisotropic  materials,  and  frictional-sliding  tests  have 
normally  been  limited  to  determining  shear  strength  along  through  going 
planes  of  weakness.  More  work  is  needed  to  understand  the  apparent 
coefficient  of  internal  friction  for  either  fracture  or  frictional -si iding 
for  anisotropic  materials. 

In  Situ  Stress:  In  oitu  stress  may  also  be  an  important  factor, 

although  it  is  not  yet  well  understood.  One  approach,  and  it  is  the  only 
one  possible  at  present,  is  to  add  any  known  in  situ  ambient  stress  to 
the  known  applied  stress,  including  the  known  in  situ  pore  fluid  pressures. 

This  could  cause  changes  in  apparent  coefficient  of  internal  friction  much 
as  does  change  in  pore  pressure  alone  as  noted  above. 

Effect  of  Measurement  Technique:  For  soils,  u is  usually  determined 

1 2 

in  triaxial  tests.  Results  from  a direct  shear  test  should  be  nearly 
identical  but  the  authors  have  seen  no  comparisons.  For  rocks,  failure  curves 
such  as  ohown  in  Figu-^es  2 and  3 are  generally  determined  in  triaxial  tests, 
although  Terra  Tek^^  has  tested  intact  homogeneous  rock  to  failure  in  a direct 
shear  machine.  Comparable  failure  stresses  should,  in  principle,  be  obtainable; 
however,  there  are  complicating  factors  such  as  inhomogeneous  stress  distribu- 
I tion  due  mainly  to  the  nature  of  the  loading. 


14 

To  study  the  effect  of  nonhomogeneous  stresses,  Goodman  performed 
finite  element  analysis  of  triaxial  specimens  containing  inclined  joints 
more  compressible  than  the  surrounding  rock.  The  results  indicated  very 
uneven  stress  distributions  along  the  joint  and  totally  different  concen- 
trations of  stress  in  the  upper  and  lower  walls  of  the  joint.  For  these 
reasons  Goodman  concluded  that  the  multistage  triaxial  is  probably  not 
a good  test  for  seams  or  joints  of  shear  origin. 

Goodman  has  also  discussed  the  problems  of  producing  uniform  stress 
distribution  inside  a direct  shear  box.  He  notes  that  due  to  joint  thick- 
ness, the  applied  forces  and  reactions  introduce  turning  moments  to  effect 
a nonuniform  distribution  of  normal  pressure  along  the  sliding  surface. 
Goodman  also  notes  that  the  shear  strength  characteristics  determined  in 
direct  shear  tests  are  also  dependent  on  the  boundary  conditions. 

Neglecting  the  loading  inhomogeneities,  the  major  concerns  are  pore 
pressure  and  drainage  conditions  in  triaxial  versus  direct  shear  tests. 

The  pore  pressure  in  triaxial  tests  is  dependent  on  the  rock  permeability  and 
the  rate  of  loading.  Material  close  to  the  shear  surface  in  the  direct  shear 
tests  will  be  drained  except  at  very  high  loading  rates,  whereas  it  will 
likely  remain  undrained  within  the  triaxial  cell  even  at  lower  loading  rates. 
This  would  cause  a marked  difference  in  effective  stress  at  the  failure 
surface  and,  at  least  for  the  fracture  stress,  a significant  difference  in 
the  value  of 
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CONCLUSIONS 


To  sum  up,  then,  the  linear  Coulomb  relation  (1)  appears  generally 
applicable  to  rocks  when  through  going  faults  are  already  present;  p 
is  0.5  + .05  for  through  going  faults  regardless  of  rock  type.  For 
intact  rock,  it  is  only  applicable  for  a limited  range  of  confining 
pressure,  < 1,  and  even  then  only  for  certain  rocks.  Within  this 

pressure  range,  p for  fracture  can  be  expected  to  vary  from  0.5  to  1.5. 
Since  there  is  such  a wide  range,  it  will  have  to  be  determined  exper- 
imentally for  any  particular  rock. 

Since  at  the  present  time  rock  mechanics  literature  does  not  provide 
a comparison  of  coefficient  of  friction  obtained  from  both  triaxial  and 
direct  shear  tests,  there  is  a need  to  perform  such  a program  over  the 
normal  stress  range,  o^,  of  interest.  If  the  data  appear  sensitive  to 
test  conditions,  a knowledge  of  how  the  data  is  to  be  used  will  allow 
selection  of  results  best  suited  to  meet  the  calculational  needs  here. 


% 
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INTRODUCTION 


The  hydrology  of  the  Rainier  Mesa,  specifically  the  "T"  tunnel  area, 

at  the  Nevada  Test  Site  is  of  interest  to  the  nuclear  test  program.  To 

pursue  this  interest.  Terra  Tek  has  been  actively  developing  methods  for 

extracting  the  water  from  core  samples^  for  subsequent  chemical  and  min- 
2 

eralogical  analysis  . The  development  of  consistent  water  data  is  dependent 
upon  both  the  method  of  water  extraction  and  sanitary  laboratory  conditions. 
The  extraction  method  is  critical  since  various  types  of  bound  waters  with- 
in the  tuff  may  be  extracted  at  different  energy  levels. 

Water  exists  in  the  Rainer  Mesa  tuff  in  at  least  four  forms.  The 
water  may  reside  in  the  pore  structure  of  the  material,  it  may  exist  as 
surface  absorbed  (interlayer)  water  on  clay  minerals,  it  may  be  an  integral 
component  the  clay  mineral  structure  as  OH”^  ions,  or  it  may  exist  as 
zeolitic  water  within  the  tubular  openings  between  elongated  zeolitic  clay 

3 

structural  units  . Consequently,  extraction  methods  were  sought  which 
yielded  only  the  type  of  water  that  was  of  particular  interest  for  analysis. 

The  water  extraction  program  thus  far  has  consisted  of  three  phases. 

The  first  phase  was  to  experiment  with  several  possible  extraction  methods 
and  to  analyze  the  total  water  yield  from  each,  while  the  second  phase  con- 
centrated on  analyzing  the  extracted  water  for  differences  in  chemical  com- 

2 

position  using  the  most  efficient  methods  determined  from  Phase  I . The 
final  phase  (which  is  in  progress)  has  dealt  with  the  extraction  of  water 
for  hydrology  studies  using  methods  which  proved  satisfactory  from  the  pre- 
vious investigations.  A discussion  of  each  phase  with  results  and  conclu- 
sions will  follow  as  well  as  suggestions  to  future  testing  procedures  based 
on  the  present  results. 
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i PHASE  I:  EXTRACTION  METHOD  INVESTIGATION 

In  a preliminary  investigation^,  water  was  extracted  from  tuff  by 

cyclically  loading  to  2 kilobars  hydrostatic  pressure  after  which  shear 

D stresses  were  applied  in  order  to  "squeeze"  the  water  from  the  sample. 

The  volume  of  water  obtained  using  this  method  ranged  from  about  5 cc  to 

25  cc  depending  upon  sample  moisture  content.  Microscopic  analysis  of 

2 

the  samples  revealed  considerable  mineral  fracture  suggesting  locally 

4 

high  stresses  on  the  mineral  surfaces.  A previous  study  had  concluded 
that  of  the  two  adsorbed  molecular  water  layers  on  a vermiculite  clay,  the 
layer  furthest  away  from  the  clay  particle  required  approximately  17,000 
psi  or  1.17  kilobars  hydrostatic  stress  for  removal.  The  closer  water 
layer  required  about  76,000  psi  or  5.24  kilobars  for  removal.  Minimum 
stresses  for  water  layer  removal  were  determined  theoretically  using  water 
adsorption  curves  with  subsequent  experimental  agreement  occuring  when 
samples  were  hydrostatical ly  stressed.  Since  adsorption  energies  for  many 
clays  are  similar^,  as  a first  approximation  it  may  be  assumed  that  the  2 
kilobar  stress  level  used  in  the  initial  study  may  well  have  exceeded  the 
stress  necessary  to  remove  surface  adsorbed  water.  Another  consequence  of 
this  technique  may  be  zeolitic  water  removal  due  to  water  pressure  gradients 
within  the  sample  aided  by  fracture  and  compaction  of  the  tubular  mineral 
structure.  In  order  to  eliminate  these  undesirable  "destructive"  charac- 
teristics, other  extraction  methods  were  sought. 

Six  methods  subsequently  were  investigated,  namely;  1)  hydrostatic 
compression,  2)  multiple  cycle  triaxial  compression,  3)  a rigidly  confined 
sample  - argon  gas  method,  4)  a hydrostatically  confined  sample  - argon  gas 
method,  5)  centrifuging,  and  6)  electro-osmosis.  Methods  1 through  5 were 
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tested  as  shown  in  Table  I.  A detailed  description  of  equipment  and  proce- 
dures for  Methods  1 through  5 may  be  found  in  Appendix  A.  Literature  des-  ^ 

I cribing  Method  6 (electro-osmosis)  indicated  that  this  technique  would  not  j 

be  practical  since  water  extraction  involved  cation  movement  causing  a 
change  in  the  chemical  composition  of  the  water.  Consequently,  Method  6 
was  eliminated  prior  to  experimentation. 

Table  1 shows  that  the  argon  methods  gave  low  water  yields  (from  a 
trace  to  3 cc).  Centrifuging  produced  small  quantities  in  most  cases,  but 
a few  exceptions  produced  greater  than  7 cc.  The  hydrostatic  compression 
method  produced  water  in  quantities  from  1 cc  to  6 cc  and  the  multiple 
cycle  triaxial  compression  tests  gave  the  largest  yields  with  as  much  as 
16  cc's  being  produced.  Note  that  the  16  cc  value  is  the  sum  of  the  yields 
from  tests  15P  and  13P  since  the  water  extracted  due  to  the  hydrostatic 
pressure  would  have  also  been  extracted  due  to  the  hydrostatic-triaxial 
compression  test. 

Again,  this  "Phase  I"  was  only  intended  to  determine  the  water  yields 
from  several  possible  extraction  methods. 
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PHASE  II;  CHEMICAL  ANALYSIS  COMPARISON 


As  a result  of  the  Phase  I,  which  had  indicated  that  sufficient  water 
could  be  obtained  via  hydrostatic  compression,  triaxial  compression  and 
centrifuging,  these  three  methods  were  then  used  in  Phase  II  to  determine 
their  effects  on  the  chemical  analysis. 

Fourteen  water  extraction  tests  were  conducted  for  chemical  analysis. 
Three  different  confining  pressures  (1/3,  1 and  3 kilobars)  were  used  for 
both  the  hydrostatic  and  multiple  cycle  triaxial  compression  tests.  All 
centrifuging  was  done  at  2000  RPM. 

Table  II  lists  the  water  extraction  results  of  the  tests.  Tests  1 
through  10  were  designed  so  that  water  could  be  chemically  analyzed  from 
the  same  sample  under  different  loading  conditions.  For  example,  tests  1 


TABLE  II 

WATER  EXTRACTION  RESULTS  FOR  CHEMICAL  ANALYSIS  COMPARISON 


’q 


and  2 were  conducted  using  the  identical  sample  1.  Thus,  water  was  first 
obtained  from  hydrostatic  compression  then  from  multiple  cycle  triaxial 
compression;  the  water  from  each  test  analyzed  for  ion  and  SiO^  contents 
as  shown  in  Figure  1*.  Samples  were  used  only  once  in  tests  11  through  14. 
This  was  done  to  observe  if  trends  in  ion  and  Si02  content  as  seen  in  the 
multiply  used  samples  were  also  observed  in  singly  tested  samples.  For 
samples  1 through  10  Figure  1,  the  following  may  be  observed: 

a)  The  ion  concentrations  for  the  hydrostatic  compression  tests 
were  always  higher  than  the  multiple  cycle  triaxial  compres- 
sion tests. 

b)  In  general,  the  higher  confining  pressures  gave  lower  ion 
concentrations . 

c)  Ion  concentrations  for  the  centrifuged  sample  were  observed 
to  be  about  two  times  the  average  of  the  concentrations  for 
the  pressurized  samples. 

No  repeatable  trends  were  observed  for  the  Si02  concentration.  Tests  11 
through  14  verified  observations  b)  and  c)  even  though  the  tests  were 
conducted  on  samples  from  different  holes  and  footages. 

The  change  in  ion  concentration  resulting  from  different  test  proce- 
dures is  most  likely  due  to  the  energy  and  time  involved  with  each  method. 
Thus,  prior  to  hydrology  analysis,  it  must  be  decided  which  extraction 
method  best  approximates  the  type  of  water  to  be  retrieved  for  future  cor- 
relation. For  example,  if  water  from  a hydrostatic  compression  technique 
was  used  to  develop  the  hydrology  and  water  was  later  collected  from  well 
points  (percolating  water)  then  the  correlation  of  the  chemical  analysis 

* Ion  and  Si02  contents  were  analyzed  by  Water  Resources  Division, 
Desert  Research  Institute,  Reno,  Nevada. 
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would  be  difficult  due  to  different  extraction  energies.  It  may  be  im- 
portant then  to  answer  questions  relating  to  energies  and  rate  of  water 
removal  associated  with  different  extraction  methods  and  thus  determine 
the  type  of  water  being  extracted  (percolating,  surface  adsorbed,  zeolitic 
or  structural).  The  rate  of  water  removal  is  important  since  the  rates 
of  reaction  associated  witii  the  liquid-solid  interface  of  the  water- 
mineral  system  may  cause  changes  in  ion  concentration. 
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PHASE  III:  WATER  PROFILE  DEVELOPMENT 


As  a step  toward  better  understanding  of  the  hydrology  above  the 


"T"  tunnel  area,  water  is  being  extracted  from  core  samples  from  two 


vertical  drill  holes.  The  samples  ranged  from  depths  of  510'  through 


1642'  and  441'  through  2152'  from  drill  holes  UE12T#2  and  UE12T#3,  res- 


pectively. The  "profile  development"  was  started  using  the  centrifuging 


technique  on  the  non-zeolitic  footages  from  holes  UE12T#2  and  UE12T#3. 


It  was  decided  to  initially  use  centrifuging  because  of  its  nondestruc- 


tive character.  The  non-zeolitic  footages  were  selected  partly  because  of 


their  higher  permeability. 


Table  III  lists  the  centrifuge  results  for  both  holes.  A total  of 


seven  footages  produced  no  water.  Five  of  the  nonproductive  footages  were 


very  dry  when  first  opened,  while  in  only  two  instances  did  a moist  foot- 


age not  produce  water.  Quantities  of  extracted  water  ranged  from  1 cc  to 


as  much  as  143  cc  with  all  samples  being  resealed  with  aluminum  foil  and 


beeswax  for  possible  future  testing. 


In  general,  the  centrifuging  technique  on  non-zeolitic  samples  pro- 


duced adequate  water  yields.  Since  the  centrifuge  water  yield  is  closely 


related  to  the  sample  permeability,  it  may  be  desirable  to  investigate  a 


flow  rate  relationship  based  on  sample  permeability  to  predict  water  produc- 


tion from  future  samples.  However,  zeolitic  materials  have  a low  permea- 


bility (microdarcies)  and  even  though  the  centrifuge  method  may  produce 


low  water  yields  from  the  zeolitic  footages,  it  may  prove  to  be  necessary 
for  consistent  profile  development. 


1 
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WATER  EXTRACTION  RESULTS  FOR  PROFILE  DEVELOPMENT 


Ul  1?T 


^*OOtaq^*  (ft) 

Test  Type 

^dten  Production  (cc) 

Storage 

7eol 1 tic  Content 

Notes 

SIO 

Cenfi’l  fu(|e 

41 

Polyethylene 

None 

510 

I'entn  f uge 

f>7 

Glass 

None 

75b 

'.00m 

100H 

l?4b 

K’6? 

CerUri  fuqe 

0 

None 

Sample  appeared 
very  dry  when 

first  opened. 

1509 

Ceritri  fiipc* 

M 

Polyethylene 

None 

1509 

Cental fuqe 

45 

Glass 

None 

15:'b 

Cent  r i tupe 

6 

Polyethylene 

None 

15?b 

16A.' 

Centri fuye 

6 

..  - - 

Glass 

None 

UII2T  «3 


footage  (ft) 

Test  Type 

water  Production  (cc) 

Storage 

Zeol 1 t 1C  Content 

Notes 

441 

Centr’ fuge 

5P 

Polyethylene 

None 

45H 

Centri fuge 

?5 

Glass 

None 

55f- 

Cefit  r 1 f u(jp 

59 

Pol yethylene 

None 

559 

Centri fuge 

31 

Glass 

None 

^53 

r en  t r ^ f ij. je 

RS 

Polyethylene 

None 

654 

' f.n»  r- ’ t ij(je 

it 

Glass 

None 

’44 

f eri  t r 1 f ijoe 

0 

• - - 

None 

,'ery  dry  welded 
tuf ' 

'ent  r • tuge 

14  .1 

Pol yethvlene 

None 

1 . 

; «»n»  r ! ♦ j je 

9fi 

Glass 

None 

■ -n  f ' *.l,e 

•.f 

Polyethylene 

None 

^ 4 

n» 

Glass 

None 

’ J ' 

■ f.,  t , ■ t,jQp 

0 

None 

5af»*nles  ver>  <jrv 
when  first  opened 

' I 

0 

“ ' ' 

None 

SafTpleS  very  dry 
w^en  first  opened 

ir^r..-, 

Centri fuge 

1 

Glass 

None 

Sample  very  dry 
when  first  Opened 

1957 

('entri  fuge 

0 

■ ' 

None 

?049 

?05  3 
?150 

CenfM  fuge 

n 

None 

Sample  mr 1st  Put 
did  n-'*  •roOij‘'e 

?!-/ 

Centri f^qe 

’ .. 

None 

Sample  •ii-isl  ;>\jl 
did  no*  'riidu.e 

355 


CONCLUSIONS  AND  SUGGESTIONS 


1 

i 
! 

The  extraction  methods  which  yield  the  largest  quantities  of  water 
are  the  hydrostatic  compression,  multiple  cycle  triaxial  compression  and 
centrifuging  techniques.  Ion  concentrations  vary  depending  on  the  extrac- 
tion method.  Thus  it  must  be  determined  which  extraction  technique  best  ^ 

approximates  the  type  of  water  collection  to  be  used  during  later  analysis 
so  that  meaningful  correlations  can  be  made.  Because  of  its  nondestructi ve 
character,  the  centrifuge  technique  has  been  used  thus  far  for  profile  j 

development  of  the  non-zeolitic  footages  in  holes  UE12TA2  and  UE12T-3. 

It  is  suggested  that  centrifuge  extraction  continue  in  the  zeolitic 

J 

footages  (provided  that  adequate  water  yield  occurs)  to  maintain  ion  con- 

1 

i 

centration  profile  continuity.  If  the  water  yield  is  too  low,  low  pres- 
sure (1/2  to  1 kilobar)  hydrostatic  compression  tests  could  then  be  used 
to  produce  further  water.  A theoretical  explanation  for  methodology 
induced  ion  con^'itration  changes  would  be  helpful  in  establishing  a basis 
for  future  decisions. 
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APPENDIX  A 


Water  Extraction  Methods 
(Equipment  and  Procedures) 

Hydrostatic  and  Triaxial  Compression  Methods:  The  hydrostatic  and  multiple 

cycle  triaxial  compression  methods  use  the  same  test  equipment.  Figure  2 
shows  a schematic  of  the  test  configuration*  while  Figure  3 is  a photo- 
graph of  the  sample  and  water  collection  system.  The  collection  chamber 
was  made  of  431  stainless  steel.  A permeable  stainless  steel  spacer,  having 
a mean  pore  diameter  of  30  microns,  was  used  to  prevent  the  sample  from 
extruding  into  the  water  collection  chamber.  The  sample  rested  on  the 
collection  chamber  and  both  units  were  jacketed  together  with  two  wraps 
of  polyurethane  (25  mil.  total  thickness).  The  sample  and  chamber  were 
sealed  with  rubber  splicing  compound  and  stainless  steel  lock  wire  as  shown 
in  Figure  3.  Samples  were  approximately  2 inches  long  by  2.4  inches  in 
diameter.  Prior  to  use,  all  components  contacting  the  sample  were  boiled 
in  distilled  water  and  thoroughly  dried. 

For  the  hydrostatic  compression  method,  the  sample  was  hydrostatically 
compressed  and  maintained  at  the  desired  stress  level  for  a time  of  5 to  10 
minutes  then  hydrostatically  unloaded.  The  sample  and  collection  chamber 
were  removed  from  the  vessel  and  the  extracted  water  drained  into  a suit- 
able container.  For  the  multiple  cycle  triaxial  compression  method,  the 
sample  was  hydrostatically  compressed  and  maintained  at  a given  stress 
level  while  a deviatoric  load  was  rapidly  applied  ten  times  to  sample  yield 
and  back  to  zero  followed  by  hydrostatic  unloading.  This  total  stress  path 
was  done  three  times  in  rapid  succession  with  the  total  test  time  being 
5 to  1 0 minutes . 

* Figure  taken  from  Reference  1. 
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Figure  3:  Jacketed  Sample  and  Collection 

Chamber  for  Compression  Methods 


Figure  4:  Sample,  End  Caps  an 

Loading  Frame  for  the  Rigidly 
Confined  Sample  --  Argon  Metho 
(03  = 0 DSi ) 


Figure  5;  Assembled  Components  for  the 
Rigidly  Confined  Sample  --  Argon  Method 
(03  = 0 psi ) 


Argon  Gas  Methods:  Two  argon  gas  methods  were  analyzed  for  water  extrac- 

tion. The  first  method  involved  rigidly  confining  a 1 inch  or  2 inch  long 
by  1.85  inch  diameter  tuff  sample  by  epoxying  it  to  a 3/8  inch  thick  alumi- 
num ring  (Figure  4).  The  sample  was  then  placed  into  a reaction  frame  with 
permeable  end  caps  mounted  at  both  ends.  Argon  gas  was  applied  at  1500  psi 
pressure  in  the  top  cap  with  the  water  being  collected  at  the  lower  cap 
(Figure  5) . 

The  second  method  utilized  a 2000  psi  hydrostatic  pressure  for  confine 
ment.  A 2 inch  long  by  1.85  inch  diameter  sample  was  mounted  between  two 
permeability  end  caps  (Figure  6).  The  end  caps  were  connected  to  the  base 
plug  with  argon  gas  admitted  to  the  top  cap  at  1500  psi  while  the  lower  cap 
collected  the  pore  water. 


Centrifuge  Method:  The  centrifuge  method  used  a water  collection  system 


similar  to  that  used  in  tlie  hydrostatic  compression  method.  The  collection 


chamber  was  made  o^  high  density  polyethylene.  The  sample  rested  on  the 


water  collection  chamber  and  both  units  were  jacketed  with  one  wrap  of 


polyurethane  (5  to  10  mil.  total  thickness).  The  sample  and  collection 
chambers  were  sealed  with  rubber  splicing  compound  and  stainless  steel  lock 
wire,  as  shown  in  Figure  7.  All  samples  were  approximately  2 inches  long 
by  2.4  inches  in  diameter.  Prior  to  testing,  all  components  in  contact  with 
the  sample  were  boiled  in  distilled  water  and  thoroughly  dried.  The  pre- 
pared specimen  was  then  placed  into  a centrifuge  bucket  and  spun  at  2000  RPM 
for  one  hour  with  the  extracted  water  poured  into  suitable  contained  for 


Figure  6:  Hydrcstatical ly  Confined 

Argon  Method  Showing  Samnle. 
Permeability  End  Caps  and 
Base  Plug  Connections 


Figure  7:  Jacketed  Sample  and  Collect 

Chamber  for  Centrifuging 


Sample  Preparation  and  Extracted  Mater  Storatje:  Samples  were  prepared  for 

the  various  extraction  methods  by  first  cutting  them  into  2 inch  long 
cylinders  from  the  core  material.  In  order  to  prevent  the  diamond  blade 
from  seizing,  a minimum  flow  of  distilled  water  was  used  for  coolant.  This 
distilled  cutting  water  was  assumed  not  to  effect  the  sample  water  since 
previous  investigations  at  the  Nevada  Test  Site  had  shown  that  water  used 
during  sample  coring  procedures  essentially  did  not  penetrate  the  rock. 

Cut  samples  were  patted  surface  dry,  sealed  in  aluminum  foil  and  beeswax, 
and  labeled. 

After  testing,  the  extracted  water  was  emptied  into  eithet  glass  or 
polyethylene  bottles  depending  upon  the  type  of  chemical  analysis  to  be 
conducted.  Polyethylene  storage  was  used  when  ion  and  Si02  concentrations 
were  to  be  determined  while  glass  bottles  were  used  for  watei  destined  for 
tridium  dating.  All  bottles  were  cleaned  with  distilled  water  prior  to 
use. 
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INTRODUCTION 


Sand-water  slurries  have  apn’ications  where  the  mixture  is  subjected 

to  varyinq  magnitudes  of  shock  waves.  Mr.  J.  W.  LaComb^  requested  that 

2 

tests  be  conducted  on  a water  saturated  sand  to  determine  the  condition  of 
the  mixture  after  hydrostatic  loading  (i.e.,  the  possibility  of  causing  co- 
hesion due  to  orain  "welding.") 

3 

The  slurry  density  of  interest  was  1.69  qm/cm  . However,  in  a standard 
cylindrical  static  test  sample,  this  bulk  density  would  result  in  the  sand 
settling  to  the  bottom  of  the  test  cylinder  leaving  a layer  of  water  at  the 
surface.  This  problem  was  circumvented  by  drawing  off  the  excess  water  cre- 

3 

ating  a higher  denstiy  water-sand  mixture  of  about  2.18  qm/cm  . The  test 
sample  was  therefore  a mixture  of  water,  and  sand  with  orains  touching  in 
a loosely  packed  state. 

Hydrostatic  loading  tests  to  stresses  of  4 kilobars  at  loading  rates 
of  66  bars  per  second  were  conducted  to  observe  any  cohesional  properties 
due  to  welding  of  sand  grains.  Samples  were  tested  in  an  undrained  condi- 
tion (i.e.,  the  water  was  not  allowed  to  migrate  out  of  the  sample).  Pre 
and  post  test  grain  size  analyses  as  well  as  visual  examination  of  tested 
samples  were  used  to  determine  the  amount  of  cohesion. 


Sample  Description  and  Preparation 

The  slurry  sand  is  called  Monterey  sand  (manufacturer  disionation  20- 
40)  and  originates  from  Monterey  Beach,  California.  It  is  tan  in  color 
having  well  rounded  grains.  It  has  no  unconfined  cohesion  and  is  a clean, 
well  washed  material.  The  ore-test  sand  grain  size  distribution  is  shown 
in  Figure  1 and  listed  in  table  1.  About  88  oercent  of  the  material  has 
a orain  size  between  0.1  and  0.42  millimeters. 
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PARTICLE  DIAMETER  IN  mm 

Fiqure  1:  Pre  and  Post  Hydrostatic  testing  grain 

size  distribution  curves. 

TABLE  1 

Sieve  Analysis  Results 


SIEVE  NO. 

PERCENT 

PASS  I NO 

PRE-TEST 

POST-TEST 

20 

99.86 

99.85 

40 

91.33 

91.52 

60 

52.71 

53.98 

140 

3.11 

3.13 

200 

0.73 

0.68 

270 

0.35 

0.30 

Pan 

0 

0 

Samples  were  prepared  by  forming  them 
of  a two  inch  diameter  polyurethane  jacket 
end  cap.  The  dry  sand  was  poured  into  the 
then  distilled  water  was  added  until  a one 


in  a mold.  The  mold  consisted 
attached  to  a circular  steel 
mold  to  a height  of  2.5"  and 
inch  layer  of  watei  *’ed  above 
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the  sand  level.  The  mixture  was  then  sub.jected  to  a vacuum  until  bubblinq 
ceased.  This  was  to  insure  that  trapped  air  bubbles  had  been  eliminated. 
Excess  water  was  carefully  removed  and  another  steel  end  cap  placed  on  top 
of  the  sample.  Densities  were  determined  by  measuring  and  weighing  the  test 
samples  and  allowing  for  the  size  and  weight  of  the  urethane,  end  caps,  etc. 
Test  sample  densitites  ranged  from  2.1  to  2.3  gm/cm  . 

Experimental  Instrumentation 

The  fluid  confining  pressure  was  measured  with  a 350  ohm  manganin  wire 
pressure  coil.  The  pressure  coil  was  accurate  to  within  1 percent.  Axial 
strains  were  measured  using  a four  arm  cantilever  configuration  accurate  to 
within  0.05  percent  strain.  Figure  2 shows  a sand-water  sample  in  the  test 
configuration . 


Figure  2:  Sample  configu>^ation  for  hydro- 

static compression  testing. 
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FlASTir.  THEORY  AND  ANISOTROPY  CONSIDERATIONS 


Assuminq  a homogeneous  isotropic  material,  approximate  volume  strains 


were  calculated  from  the  axial  strain. 


Experimental  Results  and  Discussion 


Both  visual  inspection  and  grain  size  distributions  were  conducted  on 


the  sand  before  and  after  testing  to  observe  possible  grain  welding"  during 


hydrostatic  loading.  Figure  3 shows  untested  and  tested  samples  as  they  were 


poured  from  their  confining  jackets.  As  apparent  from  Figure  3,  no  mater 


ial  cohesion  could  be  observed  as  a result  of  the  hydrostatic  compression. 


Figure  1 and  Table  1 show  the  pre  and  post  test  sieve  analysis  results  which 


also  indicates  that  welding  on  a small  scale  did  not  occur. 


Figure  3:  Pre  and  Post  test  sand/water  samples 


i 


i 

I 


i 


The  confining  pressure  versus  volume  strain  curves  are  shown  in  Figure 
4.  Curve  1 is  the  average  volume  strain  response  for  four  sand  samples  with 

O 

an  initial  average  density  of  2.18  + .0?  gm/cm  . For  reference,  curve  2 is 


Figure  4:  Hydrostatic  compressibility  curves  for  sat- 

urated sand,  water  and  guartz. 


3 

the  pressure-vol ume  response  for  a a-guartz  mineral  while  curve  3 shows 
the  pressure- vol ume  response  of  water  at  25°C.'^  Clearly,  the  saturated 
sand  volume  strain  curve  shows  neither  pure  water  nor  quartz  characteristics 
but  a combination  of  both. 


370 


1 


CONCLUSION 

The  sand  grains  showed  no  change  in  the  grain  size  analyses  as  deter- 
mined before  and  after  loading  to  4 ki lobar  hydrostatic  pressure.  The  hy- 
drostatical  ly  tested  samples  likewise  showed  no  visual  sions  of  cohesion 
when  unjacketed.  These  facts  suggest  that  both  the  high  water  content  and 
undrained  sample  conditions  resulted  in  a pore  pressure  buildup  causing  in- 
sufficient "welding"  stresses  to  develop  between  grains  (i.e.,  the  sand  grains 
were  at  a stress  state  lower  than  that  of  the  vessel  confining  pressure). 

Pore  pressures  would  have  remained  essentially  zero  during  hydrostatic  com- 
pression had  the  test  sample  water  been  vented  to  the  atmosphere  creating  a 
drained  sample  condition  (provided  that  allowances  were  made  for  permeabil- 
ity, test  time  and  other  pore  pressure  parameters).  Consequently  the  sand 
grains  would  have  experienced  hdyrostatic  stresses  equal  to  the  vessel  con- 
fining pressure;  the  result  being  possible  grain  welding  at  these  higher 
stresses.  An  additional  result  of  drained  testing  would  have  been  larger 

5 

volume  strains.  This  effect  has  been  observed  in  report  TR  75-29  for  Mix- 
ed Company  sandstone. 

Finally,  it  is  not  anticipated  that  increasing  the  hydrostatic  loading 
rate  for  the  undrained  tests  reported  herein  would  result  in  any  signifi- 
cant increase  in  the  cohesion  of  post  test  material. 
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PREFACE 


The  U.  S.  Geological  Survey  has  used  the  borehole-overcore  technique  to 
determine  in  situ  stresses  at  the  Rainier  Mesa,  Nevada  Test  Site.  Elastic 
constants  were  determined  on  site  with  the  recovered  overcores  in  order  to 
calculate  the  in  situ  stresses  from  the  deformations  measured  with  the  bore- 
hole gage.  Terra  Tek  performed  laboratory  tests  to  evaluate  the  discrepancies 
in  elastic  moduli  determined  with  the  overcores  (hollow  cylinder)  and  standard 
triaxially  loaded,  solid,  cylindrical  samples.  Elastic  nonlinearity  is  the 
main  cause  for  modulus  discrepancy  and  is  accounted  for  by  evaluating  moduli 
as  a function  of  the  mean  and  shear  stresses.  Errors  generated  by  neglect- 
ing anisotropy  are  also  discussed. 
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INTRODUCTION 


The  USGS  (U.  S.  Geological  Survey),  as  part  of  the  earth  science 
support  provided  to  DNA  {Defense  Nuclear  Agency),  determined  in  situ 
stresses  in  the  Rainier  Mesa  at  the  NTS  (Nevada  Test  Site).  The  standard 
method  used  in  these  stress  determinations  is  the  well  documented  USBM 
(U.  S.  Bureau  of  Mines)  overcoring  technique.  This  technique  utilizes 
the  three-component  borehole  deformation  gage  shown  in  Fioure  1 (Merril, 
1967;  Hooker  and  Bickel,  1974)  to  determine  deformational  changes  on  the 
internal  diameter  as  a cylindrical  borehole  is  overcored  free  from  the 
surrounding  rock  mass.  To  calculate  stresses  from  borehole  deformation 
data  the  elastic  moduli  of  the  rock  in  which  the  borehole  deformation 
measurements  are  taken  must  be  known. 

Elastic  moduli  of  the  stress-relieved  overcores  are  commonly  deter- 
mined by  the  use  of  a biaxial  pressure  chamber,  (axial  stress,  = 0.0  MPa) 
and  the  three-component  borehole  deformation  gage  (Fitzpatrick,  1962). 
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Briefly,  the  procedure  involves  application  of  an  external  radial  pressure 
to  the  core  and  measurement  of  the  corresponding  inner-hole  deformation. 

Such  a orocedure  is  simnle  and  nuick;  however,  it  has  been  observed 
that  overcore  elastic  moduli  tested  in  the  above  manner  do  not  agree  with 
standard  triaxially  tested  solid  core  elastic  moduli  (LaComb,  1976).  Differ- 
ences were  on  the  order  of  30  to  50  percent.  Two  possible  sources  for  the 
discrepancies  are:  (1)  the  difference  in  elastic  modulus  definition  (secant 

versus  tangent)  and  (2)  the  effect  of  mean  and  shear  stresses  on  the  elastic 
moduli . 

The  problem  in  modulus  definition  is  a result  of  the  NTS  tuffs  exhibit- 
ing nonlinear  elastic  behavior  (see  Figure  2).  Figure  2 also  points  out  a 
shortcoming  of  the  biaxial  testing  apparatus;  that  NTS  tuff  fails  in  exten- 
sion at  approximately  2.5  MPa  mean  stress. 

I"  t ■ I I I 


AVERAGE  BOREHOLE  DEFORMAT  ON,  /J.  rn 

Figure  2.  Typical  mean  stress--borehole-deformation 
plot  during  a loading-unloading  cycle. 
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To  evaluate  these  problems  a five-point  testinq  proqrani  was  devised. 

1.  Overcore  samples  were  tested  biaxially  as  is  normally  done  in  the 


field.  Radial  pressure  was  applied  along  the  middle  17.8  cm  of  the 
38.1  cm  long  cores.  Axial  stress,  o^,  was  kept  equal  to  zero. 

2.  The  overcores  were  tested  in  a constrained  biaxial  loading  configura- 
tion. The  radial  pressure  was  applied  along  the  entire  sample  length 
while  zero  axial  strain,  e^,  was  maintained. 

3.  The  overcores  were  subjected  to  hydrostatic  loading,  i.e.  equal 
radial  and  axial  pressures. 

4.  The  overcores  were  loaded  axially  under  a uniform  lateral  confin- 
ing pressure. 

5.  Solid  cores  obtained  from  the  overcore  samples  were  subject  to 
axial  loading  under  a uniform  lateral  confining  pressure. 

From  these  loading  configurations  the  effect  of  the  mean  and  shear  stresses 
on  the  elastic  moduli  (E,  v)  could  be  evaluated. 
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ELASTIC  THEORY  AND  ANISOTROPY  CONSIDERATIONS 


The  load-defoniiation  relations  for  a linear  elastic  thick-walled 
cylinder  subjected  to  radial  pressure  and  axial  strain  have  been  derived 
previously  (Obert,  1954).  Only  a brief  statement  of  the  equations  which 
bear  directly  on  the  text  will  be  qiven  below  (in  what  follows  stress 
and  strain  are  positive  in  compression). 

The  axial  stress  ( -^)-strain  (c^)  relation  for  a hollow  elastic 
cylinder  subjected  to  external  pressure  is 


0 


z 


P 


(1) 


while  the  borehole  deformation,  U-  at  the  inner  radius,  a,  is  related  to 


Young's  modulus  of  the  rock,  E,  by  the  equation 


= 


a (1-v^)  Pq  b^  a 
E (b^  - a^) 


- 2 u a 


(2) 


where  u is  Poisson's  ratio,  and  b is  the  sample  outer  radius.  When  axial 
stress  is  zero,  equation  2 reduces  to 
^ ab^  P_ 


(3) 


Similarly  the  external  radial  deformation  is  qiven  by 


2 (1  + v)P 


0 r / 1.2 


„ ° [b-^  (1  - 2v)  + a^b]  -2v  £ b. 

2 \ ^ 


(4) 


E (b'"  - a^ 

Deviation  from  isotropy  of  each  overcore  (measured  as  the  ratio  of 
the  maximum  to  minimum  Youna's  moduli  in  the  plane  normal  to  the  specimen 
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axis)  is  estimated  by  the  development  of  a radial  deformation  ellipse 
from  which  a maximum  and  minimum  Young's  moduli  may  be  calculated.  For 
the  'Jevada  Test  Site  tuff,  the  ratio  of  E to  E . is  usually  less  than 

1.5  while  the  ratio  of  the  secondary  in  .-.itu  orincipal  stresses  is  approxi- 
mately 2. 

Becker  and  Hooker  (1967)  theoretically  analyzed  the  problem  of 
anisotropy  for  thick-walled  cylinders.  Their  results  indicated  that  the 
error  in  in  aiiu  stress  determination  caused  by  a modulus  ratio  E to 
E^^^^  of  1.5  and  a stress  ratio  of  2 was  small,  i.e.,  the  error  induced 
by  the  assumption  of  isotropy  was  less  than  10  percent.  Thus,  the  re- 
mainder of  the  report  shall  deal  with  isotropy.  Note  that  since  three 
orthogonal  overcore  determinations  are  made  at  the  Nevada  Test  Site,  it 
is  not  necessary  to  assume  that  one  of  the  axes  of  elastic  symmetry  is 
orthogonal  to  the  borehole  in  order  to  compute  the  stress  ellipse  (Panek, 
1966). 
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EXPERIMENTAL  PROCEDURES  AND  RESULTS 
Sjiec linens  and  Sample  Preparation 

Four  Nevada  Test  Site  overcore  samples  from  the  U12n.l0  drift  complex 
were  obtained  from  Mr.  William  Ellis  (USGS,  Denver).  Three  samples  (ISS  6 
overcore  2,  ISS  7 overcore  2 and  ISS  9 overcore  4)  were  wrapped  in  aluminum 
and  coated  with  beeswax  to  preserve  i>i  dHu  moisture.  The  fourth  sample 
(ISS  4 overcore  5)  was  received  air  dried  and  consequently  immersed  in 
water  to  bring  it  up  to  the  assumed  in  situ  saturation  of  95  percent. 

Samples  were  prepared  by  saw  cutting  the  ends  of  the  overcores  received 
from  the  field.  External  and  internal  samole  diameters  were  measured  to 
be  within  13.97  • .1  cm  and  3.81  • .1  cm,  respectively.  Hardened  steel 
endcaps  were  attached  to  the  sample  ends  using  Ultra-Cal  30  grout.  The 
endcaps  were  aligned  before  the  grout  hardened,  and  were  maintained  parallel 
to  within  *.008  cm  over  the  14  cm  diameter.  When  necessary,  samples  were 
then  sealed  using  a urethane  jacket,  rubber  tape  and  steel  lock  wire. 

Acrylic  plastic  samples  of  the  same  confinuration  and  size  as  the  NTS 
tuff  were  used  to  calibrate  the  test  systems. 

Apparatus  Depcri p;Uon  pmd  Testing  Procedures 

Overcore  specimens  were  tested  in  four  different  loading  configurations 
as  listed  below  and  shown  schematically  in  Finure  3,  as  Cases  I through  IV: 

Case  I)  = 0 MPa,  (0.0  MPa  ■ P^  < 3.45  MPa) 

Case  II)  . = 0 strain  giving  - 2.16  v P^,  (0.0  MPa  • P^  • 6.9  MPa) 

Case  III)  = Pq,  (0.0  MPa  - P^  • 6.9  MPa) 

Case  IV)  = P^  + L (deviatoric  loading) 
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where  o^,  v and  are  defined  as  before.  The  maqnitude  of  the  axial 
stresses  for  the  four  test  configurations  were  such  that  ■■  ^ 

Case  I ( -^  = 0.0  MPa)  was  achieved  using  the  standard  biaxial  testing  apparatus, 
as  shown  in  Figure  4.  The  apparatus  simply  consisted  of  a rubber  bladder 
retained  in  a steel  cylinder  with  a 14.5  cm  internal  diameter.  Samples  were 
tested  by  radial  pressurization  from  0.0  MPa  to  3.45  MPa  to  0.0  MPa  with 
borehole  deformations  recorded  after  pressure  increments  to  0.69  MPa. 

Figure  5 shows  Case  II  configuration;  sample  endcaps  and  strain-gaged 
reaction  column  are  visible.  The  sample  is  contained  within  the  reaction 
column,  16.5  cm  ID,  17.8  cm  OD,  which  provided  a measure  of  the  axial  load. 

The  complete  system  was  placed  in  a pressure  vessel  for  radial  pressurization. 

Final  overcore  testing  was  conducted  in  both  hydrostatic  and  deviatoric 
loading  configurations.  Cases  III  and  IV,  respectively,  with  only  samples 
ISS  9 overcore  4,  ISS  4 overcore  5 and  Acrylic  subject  to  Case  IV  loading. 

Figure  7 shows  the  stress  trajectories  used  during  Case  IV  loading.  Axial 
and  lateral  strain  transducers  were  attached  to  the  sample  as  shown  in 
Figure  6. 

Axial  and  lateral  strains  were  accurate  to  within  0.001  percent  strain 
and  ^0.002  percent  strain,  respectively.  Axial  load  was  measured  accurate 
to  within  *0.03  MPa. 

Once  the  hydrostatic  and  deviatoric  loading  response  had  been  deter- 
mined for  the  overcores,  5.1  cm-diameter  cores  6.4  cm  long  were  obtained 
from  selected  overcores.  These  samples  were  triaxially  tested  (Case  V) 
using  the  standard  techniques  and  apparatus.  Three  cores  from  ISS  9 over- 
core 4 and  ISS  4 overcore  5,  were  tested  using  the  loading  sequence  shown 
in  Figure  7.  The  tests  showed  how  Young's  modulus,  E,  varied  with  both 
mean  and  shear  stresses. 


i 
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Figure  Biaxial  testing  aonaratus. 


Figure  5.  Terra  Tek  confined  biaxial  test  con- 
figuration (c^  : OM . 
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' Finure  8 shows  a typical  result  of  the  experimental  program  outlined 

r above.  It  consists  of  the  radial  pressure  - borehole  deformation  plot  for 

sample  ISS  9 overcore  4.  The  tested  rock  shows  95  percent  deformation  re- 
covery upon  unloading.  Because  the  unloadinq  phase  best  approximates  the 
overcorinq  operation,  only  unloading  curves  will  be  analyzed  throughout 
the  remainder  of  the  report.  Figure  9 shows  a typical  borehole  deformation 
result  during  unloading  for  sample  ISS  9 overcore  4.  Results  for  ISS  4 
overcore  5,  ISS  5 overcore  2,  ISS  7 overcore  2 and  acrylic  may  be  found  in 
^ Appendix  A. 

Table  I summarizes  the  equations  used  for  determining  the  secant  modulus 
for  each  of  the  three  test  configurations  (Cases  I,  II  and  III).  These 

equations  were  obtained  by  substituting  1.91  cm  and  6.99  cm  for  a and  b, 
respectively,  in  equations  1 through  3.  Table  II  lists  the  average  values 

[.  of  the  calculated  secant  moduli  to  3.45  MPa  radial  pressure  for  the  differ- 

' ent  test  configurations.  The  results  of  the  acrylic  specimen  are  included 

for  comparison. 

: Table  III  lists  Young's  modulus  and  Poisson's  ratio  for  the  overcore 

[ tests  performed  for  configurations  IV  and  V.  Note  that  at  each  mean  stress 

fc  state  the  initial  external  differential  load  was  zero.  Figures  10  and  11 

^ show  typical  results  for  the  5.1-cm  diameter  triaxially  tested  cores  in  which 

Young's  modulus  is  plotted  versus  mean  and  shear  stress  respectively, 

(Case  V) . 
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Figure 


AVERAGE  BOREHOLE  DEFORMATION, /im 


8.  Typical  radial-pressure-versus-borehole-deformation 
cycle  which  indicates  nonlinear  behavior. 
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Figure  9.  Pressure  versus  borehole  deF 

for  the  three  test  configur.  *-  • 
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TABLE  I 

Relations  for  Determininq 
Young's  Modulus  for  the  Three  Test  Configurations 


Test  Type 


Case  I 
Case  II 
Case  III 


Elastic  Modulus  Equation 


E = 8.23  P^/U. 

E = 8.23  Pq/U.  - 3.81  v a^/U 
E = P^/U,  (8.23  - 3.81  .) 


TABLE  II 
Secant  Modulus  Comparisons  at 
3.45  MPa  Radial  Pressure 
Using  the  Equations  in  Table  I 


Test  Type 


Case  I 

Case  II 

Case  III 

Acrvl ic 

2.63  GPa 

2.66  GPa 

2.77  GPa 

ISS  4 oc  5* 

1.79  GPa 

1.41  GPa 

1.28  GPa 

ISS  6 oc  2** 

2.12  GPa 

2.14  GPa 

— 

ISS  7 oc  2 

8.90  GPa 

7.86  GPa 

8.07  GPa 

ISS  9 oc  4 

3.19  GPa 

3 . 33  GPa 

3.54  GPa 

* Noted  extensive  fracture  running  the  length  of  the 
overcore  sample.  It  apoears  to  have  caused  devia- 
tions in  the  characteristic  rock  deformation. 

* Moduli  compared  at  2.41  MPa  radial  pressure 

due  to  core  failure  during  Biax  test. 


Triaxial  test  run  on  adjacent  footane  to  overcore  sample. 
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Figure  10. 


Mean  stress  effect  on  the  5.1  cm- 
diameter  core  elastic  modiilus. 
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Figure  11.  Shear  stress  effect  on  the  5.1  cm- 
diameter  core  elastic  modulus. 


DISCUSSION 


N^dul  us  _C_™npdri  sons^ 

The  effects  of  mean  stress  and  shear  stress  on  the  secant  and  tanqent 
elastic  moduli  of  Rainier  Mesa  Tuff  are  shown  in  Figures  12,  13  and  14. 

These  figures  show  the  moduli  determined  from  test  configurations  III 
and  IV.  Figure  12  shows  that  mean  stress  has  little  effect  on  the  acrylic 
sample  and  that  the  determined  tangent  moduli  agree  to  within  the  experimental 
accuracy  of  5 percent.  Figures  13  and  14  show  Young's  modulus  to  increase 
as  the  mean  stress  increases,  the  tangent  moduli  increasing  more  than  the 
^ secant  moduli.  The  tangent  moduli  determined  from  different  loading  condi- 

tions agree  to  within  10  percent  in  both  cases. 

A comparison  of  Young's  modulus  between  the  tri axially  loaded  overcore 
; sample  (case  IV)  and  the  solid  core  (case  V)  is  shown  in  Figure  15. 

Solid-core  moduli  were  obtained  from  crossplotting  Figure  10  (J2  = 0.0  MPa). 

Although  the  tangent  moduli  were  determined  for  both  solid  sample  and 
overcore  at  zero  initial  deviatoric  load,  the  overcore,  due  to  its  geometry, 

maintained  a shear  stress  which  varied  as  the  inverse  of  the  radius  squared. 

- V' 

Thus  at  any  given  external  hydrostatic  load  an  average  shear  stress  J2  " 

defined  by  (b-a)"'^f  J2  ^ dr  could  be  calculated.  After  calculating  the 
a 

average  shear  stress  in  the  overcore,  a correction  was  applied  to  the  solid- 
core  modulus,  the  correction  being  based  on  the  results  for  solid  core  as 
shown  in  Figures  10  and  11.  After  shear-stress  correction.  Figure  18  shows 
a tangent  Young's  modulus  agreement  within  5 percent.  It  becomes  apparent 
that  to  determine  an  overcore  Young's  modulus  using  standard  "solid" 
specimens  require  that  the  shear  and  mean  stresses  exoerienced  by  the 
overcore  be  applied  to  the  solid  specimen. 


Figure  12. 
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The  moduli  were  determined  by  triaxial  loadinq  from  an 
initial  hydrostatic  state. 
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Another  point  of  discussion  concerns  the  comparison  of  biaxial  secant 
moduli  to  standard  (solid-core)  tanqent  moduli.  When  comparing  the  tangent 
moduli  of  the  5.1  cm-diameter  core  with  the  overcore  secant  moduli  as  shown 
in  Figure  16  an  apparent  discrepancy  occurs;  Figures  14  and  15  illustrate 
that  by  comparing  tangent  moduli  and  correcting  for  shear  stresses  one  obtains 
a fair  agreement.  The  apparent  discrepancy  lies  in  the  modulus  definition 
and  the  different  stress  states  in  which  the  samples  were  tested. 

Modulus  Selection  ( 

I 

It  is  obvious  from  the  idealized  loading  curve  shown  in  Figure  2 that  j 

the  secant  Young's  modulus  at  2.5  MPa  mean  stress  is  less  than  the  secant  ! 

1 

Young's  modulus  determined  at  higher  radial  pressures.  Similar  results  | 

may  be  obtained  from  Figures  9,  18,  19  and  20  as  listed  in  Table  IV.  ] 

Table  IV  shows  a secant  modulus  comparison  at  3.45  MPa  and  6.9  MPa  radial 
pressure  with  the  associated  percent  difference.  As  the  degree  of  non- 
linearity increases  so  also  does  the  percent  difference  in  secant  moduli. 

In  order  to  select  the  secant  modulus  for  in  situ  stress  calculations  it 
is  necessary  to  generate  a secant  modulus  versus  borehole  deformation  plot 
as  shown  in  Figure  17.  The  plot  shows  that  for  any  observed  in  s-^ru  de- 
formation, the  corresponding  secant  modulus  may  be  properly  selected  for 
calculation  purposes.  This  assumes  that  the  sample  can  be  tested  to  high- 
enough  radial  pressures  to  achieve  borehole  deformations  equal  to  or  greater 
than  that  observed  in  situ,  and  that  the  principal  in  situ  stresses 
perpendicular  to  the  borehole  axis  are  nearly  equal.  This  type  of  plot 
would  minimize  errors  caused  by  mean  and  shear  stress  effects  on  Younq's 
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Figure  16.  Apparent  elastic  modulus  discrepancy  when  comparing 
overcore  secant  moduli  with  5.1  cm-diameter  (solid) 
core  modul i . 


TABLE  IV 

Secant  Modulus  (GPa)  Comparison  During 
Hydrostatic  Loading  at  3.45  MPa  and  6.9  MPa  Pressure 


Ma  terial 

3.45  GPa 

6.9  GPa 

% 

Di fference 

Acryl i c 

2.77 

2.79 

0.8 

ISS  4 oc  5 

1.28 

1.76 

37.8 

ISS  7 oc  2 

8.07 

9.45 

17.1 

ISS  9 oc  4 

3.54 

4.27 

20.7 

modulus  when  oi  Z 02  I 03  hi  situ.  The  principal  in  situ  stresses  at 
Rainier  Mesa  have  been  shown  to  be  approximately  oj  : 02  : 203  (Haimson,  et 
al . , 1974)  suggesting  that  for  any  overcoring  operation  the  principal 
in  situ  stresses  perpendicular  to  the  axis  of  a vertical  borehole  would 
most  likely  be  unequal.  Under  these  conditions  in  situ  mean  stresses  may 
be  achievable,  but  in  situ  shear  stress  effects  on  Young's  modulus  could 
not  be  approximated  since  unequal  radial  stresses  cannot  be  applied  about 
the  circular  overcore  specimens  in  the  present  test  configurations.  However, 
by  obtaining  moduli  as  a function  of  mean  and  shear  stress  the  correct 
moduli  can  be  defined. 

1^ bo ra^ry^ Testing  Recommendations 

As  previously  noted,  the  biaxial  tester  (Case  I)  often  fails  the  NTS 
tuff  at  radial  pressures  slightly  above  3.45  MPa  due  to  extension  failure. 
Because  of  the  3.45  MPa  radial  pressure  limitation,  the  biaxial  tester  is 
often  not  able  to  obtain  the  average  in  situ  borehole  deformation.  It  has 
been  shown  that  with  either  the  rigid-end  constraint  condition  (Case  II) 
or  the  hydrostatic  case  (Case  III),  radial  pressures  in  excess  of  6.90  MPa 
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are  attainable  without  sample  failure.  Ideally  the  applied  axial  stress 
during  laboratory  testing  should  approximate  the  in  situ  axial  stress  on 
the  overcore  sample  during  the  overcorinq  procedure.  This  axial  stress  is 
unknown  however  and  varies  even  as  overcorinq  progresses  past  the  gage  point. 
It  may  be  argued  that  an  intermediate  axial  stress  state,  0.0  ^ ^ 

should  be  used  during  laboratory  testing  since  it  is  likely  that  the  axial 
stress  during  overcorinq  lies  within  this  range.  An  intermediate  axial 
stress  may  be  approximated  using  the  confined  biaxial  test  in  which  axial 
strain  was  zero  (Case  II)  giving  = v 2.16  P^.  The  Young's  modulus  and 
Poisson's  ratio  for  this  case  become 

E = 8.23  (1  - v2)  P^/U.  (5) 

and, 

V = 0.463  a^/P^  (6) 

using  a = 1 .91  cm  and  b = 6.99  cm.  A desirable  feature  of  this  technique 
is  that  Poisson's  ratio  is  independent  of  the  elastic  modulus.  The 
additional  field  instrumentation  for  an  = 0.0  percent  test  would 
involve  an  axial  loading  frame  with  an  axial  loading  piston  and  a means 
of  measuring  axial  stress  and  strain. 


CONCLUDING  REMARKS 


When  triaxially  tesLinq  standard  5.1  cm-diameter  solid  cores  taken 
from  the  overcore  samples,  it  was  shown  that  mean  and  shear  stress  states 
should  be  adjusted  to  the  average  overcore  stress  state  to  obtain  comparable 
Young's  modulus  values.  It  was  also  shown  that  agreement  occurred  between 
tangent  moduli  determined  from  radial  and  axial  loading  of  the  overcores  * 

suggesting  material  isotropy. 

The  tuff  samples  tested  herein  were  nonlinearly  elastic.  Elastic  I 

nonlinearity  requires  that  samples  be  tested  to  external  radial  pressures 

equal  to  or  greater  than  those  required  to  induce  in  situ  deformation.  ^ 

j 

With  the  radial  pressurization  schemes  used  here,  in  a-'  u mean  stresses 

\ 

we»'e  obtainable  but  not  the  shear  stresses.  Achievinn  in  situ  mean  stresses 


may  require  axial  load  application  to  achieve  radial  oressures  greater  than 
3.45  MPa  (biaxial  tester  limitation  due  to  sample  failure).  An  intermediate 
axial  stress  during  laboratory  testing  (0.0  ■-  < P^)  is  suggested  as  an 

approximation  to  the  unknown  in  situ  axial  stress  during  overcoring.  A 
convenient  intermediate  axial  stress  state  (0.0  < P^^)  may  be  achieved 

using  a zero  axial  strain  loadina  scheme  from  which  Poisson's  ratio  and 


Young's  modulus  are  easily  obtained. 
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APPENDIX  A 

Additional  Experimental  Results 
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Figure  18.  Radial  pressure  versus  borehole  deformation  during 
unloading  for  ISS  4 overcore  5 comparing  the  three 
test  configurations. 


Figure  15.  Radial  pressure  versus  borehole  deformation  during 
unloading  for  ISS  6 overcore  2 comparing  tv/o 
test  configurations. 
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Figure  20.  Radial  pressure  versus  borehole  deformation  during 
unloading  for  ISS  7 overcore  2 comparing  the  three 
test  configurations. 
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SUriMARY 


Moisture  was  reintroduced  into  dry  Nevada  Test  Site  tuff  core  chips 
through  placement  in  a high  humidity  ( 95  to  100  percent)  chamber  at  room 
temperature  ( 23  C)  and  atmospheric  pressure  (-650  mm).  A minimum  of  29 
days  was  required  for  the  dry  samples  to  equal  or  exceed  what  was  considered 
their  '>;  j'-u  saturation  levels  (these  in  situ  saturation  levels  were 
obtained  from  adjacent  samples).  Mechanical  tests  conducted  subsequent 
to  resaturation  suggest  that  dried-resaturated  samples  can  be  used  to 

obtain  representative  material  properties  for  virgin  saturated  tuff.  j 

Tuff  samples,  immediately  sealed  at  the  Nevada  Test  Site  on  removal 
from  a core  barrel,  were  subjected  to  the  same  environment  to  assist  in 
analyzing  the  invasion  of  the  drilling  water.  Tests  results  to  date  are 
inconclusive. 
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INTRODUCTION 


The  complexity  of  the  Nevada  Test  Site  nuclear  test  program  has  in- 
creased considerably  during  the  past  several  years.  This  increased  demand 
reguires  "fine  tuning"  our  knowledge  of  the  material  properties  of  the 
resident  tuff  at  the  site.  To  this  end.  Terra  Tek  conducted  tests  to 
evaluate  the  effect  of  drying  and  resaturation  on  the  material  properties 
of  tuff  core  samples  and  to  establish  the  likelihood  of  water  invasion 
during  field  coring. 

Drying-Resaturating : As  the  state-of-the-art  of  material  properties 

evaluation,  material  models  and  ground-motion  calculations  have  advanced, 
there  is  benefit  to  reanalyzing  past  nuclear  events.  The  lack  of  pre- 
served (sealed)  core  samples  has  presented  limitations.  A solution  is  to 
resaturate  dry  core  samples  and  use  them  for  obtaining  the  material  pro- 
perties. It  was,  therefore,  necessary  to  verify  that  material  properties 
measured  on  the  dried-resaturated  samples  were  representative  of  the  pro- 
perties of  material  in  which  the  moisture  had  been  maintained. 

Several  sets^^d^^*a^^id^aSS^^lecl^tuff  core  samples  were  pro- 
cessed and  tested  to  answer  this  question  of  the  effect  of  the  drying- 
resaturation  cycle. 

Field_  C_o^ring  Water  Penetration:  Pieces  of  the  sealed  core  samples, 

discussed  above,  were  also  subjected  to  further  moisturizing  in  a high 
humidity  chamber.  The  purpose  was  to  determine  the  probability  of  water 
invasion  into  the  already  "wet"  samples.  It  has  been  reasoned^  that 
measuring  the  loss  or  gain  in  weight  of  previously  sealed  cores  while 
suspended  in  a high  humidity  chamber  would  provide  an  indication  of  whether 


or  not  drilling  water  invaded  the  cores.  Lost  moisture  would  suggest 
water  had  invaded  the  tuff  during  coring.  On  the  other  hand,  a gain  in 
moisture  would  not  provide  conclusive  evidence  of  drilling  water  invasion. 


TEST  PROGRAM 


Dry  core  samples  were  resaturated  in  a high  humidity  environment  (95 
to  100  percent)  at  room  temperature  and  atmospheric  pressure.  When  the 
samples  ceased  to  gain  moisture,  the  physical  and  mechanical  properties 
were  measured  and  compared  vjith  those  of  adjacent  samples  which  had  been 
maintained  at  their  original  ir  niru  moisture  level. 

Samples  prepared  to  investigate  water  invasion  during  coring  were 
received  sealed.  They  were  unwrapped  on  placement  in  the  high  humidity 
chamber. 

Sample  Preparation;  Samples  were  retrieved  from  five  sets  of  neighbor- 

2 

ing  locations  in  drill  hole  L)E12n--9  at  the  Nevada  Test  Site  . The  indivi- 
dual footages  are  listed  in  Table  1.  With  the  exception  of  "Location  1", 
these  cores  are  in  close  proximity  to  each  other. 


TABLE  I 

Core  Location  in  UE12n#9 


Location 

Dry  Samples 

Sealed  Samples 

Sealed  and  Remoisturized  Samples 

1 

147' 

155' 

155' 

2 

317' 

319' 

319' 

3 

455' 

456' 

456' 

4 

516' 

515' 

515' 

5 

589' 

588' 

CO 

CO 

LO 

3 


EXPERIMENTAL  RESULTS 


Dryimj-Resaturatjn^:  The  moisture  gain  data  for  the  dry  samples  are 

shown  in  Figure  1.  The  samples  increased  in  moisture  content  very  notice- 
ably during  the  first  eleven  days  with  subsequent  rapid  stabilization  to  a 
lower  moisture  assimilation  rate.  The  samples  were  still  gaining  moisture 
slightly,  through  the  30  days  of  the  test,  as  shown  in  Figure  2.  Physical 
properties  of  the  dry-resaturated  tuff  are  listed  in  Table  II  . The  mea- 
sured permanent  compactions,  included  in  Table  II,  were  obtained  from  cycling 
in  uniaxial  strain  to  4 kilobars  mean  stress.  Note  the  comparison  of  the 
physical  properties  of  the  dry-resaturated  samples  to  the  sealed  samples. 


time,  days 


Figure  1.  Moisture  gain  versus  time  plots  for  dry 
samples,  0-30  days. 
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TABLE  II 


Physical  and  Mechanical  Property  Data  on  Dry-Resaturated  Cores, 
As-Received  Cores  (Sealed)  and  the  Further  Moisturized  "As-Received"  Core  Samples 


FOOTAGE 

DENSITY  (gm/cc) 

WATER 

porosity 

SATURATION 

CAlC 

MEAS 

SAMPLE 

DESIGNATION 

lA/ET 

DRY 

GRAIN 

BY  WET 
WEIGHT 
(%) 

(%) 

(%) 

AIR 

VOIDS 

(%) 

PERMANENT 

COMP 

{%) 

I4,’-I5‘j 

! 

Uf 

lA 

1 .81) 

1.43 

.'.47 

20.5 

A^-Ke(.el  v*i*d 
(Sedled)  IB 

.... 

.... 

-- 

1 

As-Kecei ved 
cjnd  Further 
Moisturized 
1C 

1 

i 

1 

317-314 

Dry- Res ut 
2A 

1 .81 

1 .52 

2.37 

1 5 . 

36 

HO 

7-‘ 

H.i; 

As-Recei ved 
(Sealed)  ZB 

1 .80 

1 .50 

2.38 

lfc.4 

37 

80 

— 

As-Recei ved 
and  Further 
Moisturized 
2C 

1 .82 

1 .50 

2.37 

17.4 

37 

86 

b.l 

5.6 

455-45b 

Bry-°‘’sat 

3A 

1.49 

0.99 

2.41 

33.6 

59 

85 

8.7 

8.2 

1 

As-Received 
(Sealed)  3R 

1.49 

1 .02 

2.42 

31.6 

58 

81 

10.8 

1 

As-Received 
and  Further 
Moisturized 
3C 

1.54 

1 .02 

2.42 

33.6 

58 

89 

6.3 

3.7 

515-516 

Dry-Resdt 

4A 

1.58 

1.14 

2.37 

27.8 

52 

84 

8.2 

1^— 

As-Received 
(Sealed)  4R 

1.55 

1.19 

2.37 

23.4 

50 

73 

13.7 

.... 

As-Received 
and  Further 
Moisturized 
4C 

1.62 

1.19 

2.37 

26.3 

50 

86 

7.1 

— 

588- 5S9 

Dry -Res at 
5A 

1.47 

0.94 

2.36 

35.9 

60 

88 

7.0 

7.6 

As-Received 
(Sealed)  5B 

1.46 

0.91 

2.37 

37.5 

61 

89 

6.8 

.... 

As-Recei ved 
and  Further 
Moisturized 
6C 

1.51 

0.91 

2.37 

39.6 

61 

97 

1.6 

2.8 
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field  Coring  Water  Penetration:  The  moisture  gain  data  for  the  sealed 
samples  are  shown  in  Figure  3.  Note  that  the  samples  did  gain  moisture  and 
were  still  gaining  slightly  after  30  days  - Figure  4.  The  physical  proper- 


ties for  these  samples  are  also  listed  in  Table  II  (see  "as-received  and 
further  moisturized").  Uniaxial  strain  tests  were  conducted  on  these  samples 
f^or  comparison  with  the  tests  conducted  on  the  dry-resaturated.  The  stress- 
strain  and  stress-stress  curves  for  both  groups  are  shown  in  Figure  5.  Me- 
chanical tests  were  not  conducted  at  footaqes  147-155  and  515-516  due  to 
the  Door  condition  of  the  core  samples  following  resaturation. 
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Figure  3.  Moisture  gain  versus  time  plots  for  sealed 
samples  , 0-30  days . 
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Fiqure  5a.  Mean  normal  stress  versus  volume  strain  for  dry-resaturated  and 
sealed-further  moisturized  samples  subjected  to  uniaxial  strain 
load-unlcad. 
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Fiqure  5b.  Differential  stress  versus  confininq  pressure  for  dry-resaturated 
and  sealed-further  moisturized  samples  subjected  to  uni.axial 
strain  load-unload. 
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DISCUSSION 


Dry inq-Resatu rating:  As  seen  in  Table  II,  there  are  considerable 

differences  in  the  material  properties  between  the  samples  from  different 
locations.  An  example  is  the  porosities  --  38  percent  in  the  set  of  samples 
at  317'-319'  and  59  percent  in  the  samples  at  455'-456‘.  Nonetheless,  the 
dry  samples  all  showed  increases  in  moisture  content  of  several  percent  per 
day  through  the  first  6 to  16  days  with  gains  then  changing  to  tenths  of  a 
percent  per  day  through  30  days.  The  lower  porosity  samples,  expectedly, 
showed  a rapid  decrease  in  rate  of  gain  in  moisture  at  an  earlier  date  than 
the  higher  porosity  samples. 

The  moisture  contents  on  the  dry  tuff  samples,  after  30  days,  had  ex- 
ceeded the  moisture  contents  of  the  adjacent  sealed  samples.  This  would 
suggest  that  the  dry  samples  could  be  resaturated  but  the  questions  would 
be  --  "to  what  moisture  content".  If  only  the  strength  properties  are 
required,  the  resaturation  process  and  the  final  moisture  content  do  not 
appear  to  have  a noticeable  effect,  (Figure  5b).  However,  the  moisture 
content  is  critical  if  the  material  properties  requirements  include  the  gas- 
filled  void  content,  (Figure  5a). 

Heretofore,  the  in  situ  moisture  content  has  been  obtained  from  sealed 
core  samples.  Since  sealed  core  is  not  always  available,  however,  a means 
for  identifying  the  original  in  situ  moisture  content  of  the  dry  core  is 
necessary.  One  possible  means  is  the  use  of  the  inflection  point  on  the 
moisture  gain  versus  time  curves  for  the  dry  samples  (i.e.,  the  intercept 
of  the  tangents  to  the  high  and  low  rates).  The  exact  meaning  of  this 
inflection  point  is  not  presently  understood  although  it  is  most  likely  a 
function  of  the  water  in  a sample  (i.e.  pore  water,  molecular  water,  etc.). 
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An  indication  of  the  significance  of  the  inflection  point  on  the  curves  is 
that  when  using  the  inflection  point  moisture  content  for  comparison  with 
the  moisture  content  of  the  sealed  samples,  there  were  two  previously  dry 
(2A  and  5A)  which  had  exceeded  the  moisture  content  of  the  sealed  samples 
(2B  and  5B)  and  two  previously  dry  samples  (3A  and  4A)  with  moisture  con- 
tents less  than  those  of  the  sealed  samples  (3B  and  4B).  Further  analysis, 
therefore,  could  prove  that  the  inflection  points  are  indeed  a good  indica- 
tor of  the  original  -iti  situ  moisture  content  of  the  samples. 

F i_e_l  d_  ^0  r i_nj  Water  _Pe  net  raj;  ion:  The  moisture  gains  on  the  sealed 

samples  were  somewhat  surprising  and  did  not  allow  any  conclusions  to  be 
made  concerning  the  intrusion  of  water  during  field  coring.  One  problem 
in  analyzing  the  data  is  the  lack  of  moisture  gain  measurements  during  the 
first  24  hours.  Obviously,  further  analysis  should  include  measureme^l.s 
at  much  shorter  time  history.  The  experimental  setup  should  also  better 
simulate  the  actual  field  coring  conditions  such  as  fluid  (mud)  pressure 
and  viscosity. 
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CONCLUSIONS 


I The  dry  tuff  core  samples  from  the  Nevada  Test  Site  can  be  returned 

I to  a nearly  saturated  state.  Given  that  saturation  state,  the  resaturated 

[ cores  can  be  used  to  obtain  material  properties  representative  of  those  of 

i 

' a sample  in  which  the  moisture  had  been  preserved.  That  is,  the  drying- 

resaturation  cycle  itself  does  not  appear  to  affect  the  material  pruperties, 

! 

^ but,  the  final  resaturated  moisture  content  will  affect  certain  properties, 

i 

I For  example,  the  shear  strength  of  the  tuff  was  not  affected  by  the  drying/ 

■ resaturatinq  cycle  or  the  final  moisture  content.  The  gas-filled  void 

I contents  (both  calculated  and  from  the  uniaxial  strain  tests),  on  the  other 

hand,  were  affected  very  noticeably  by  the  final  moisture  content.  The 
answer  to  using  the  dry  core  then,  lies  in  having  available  the  correct 
1 in  situ  moisture  content,  heretofore  represented  by  the  sealed  core  samples. 

Since  adjacent  sealed  core  is  not  always  available,  however,  a means  for 
identifying  the  original  in  situ  moisture  content  of  the  dry  core  is 

' necessary. 

I 

As  discussed  previously,  the  moisture  gain  curve  inflection  point 

I 

appears  to  show  some  possibility  for  obtaining  this  needed  i>.  si*:<  moisture 
content.  Further  analysis  should  include  drying  several  core  samples  which 
are  presently  sealed.  This  would  eliminate  the  unavoidable  discrepancy 
j which  existed  in  this  reported  work  --  that  of  having  to  compare  sample 

properties  from  adjacent  cores. 

' Further  analysis  on  the  coring  water  intrusion  would  require  simulated 

! field  coring  conditions  such  as  the  correct  fluid  (mud)  pressure  and 

i 

I viscosity. 

l 

I 

I 
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